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SUMMARY 
i 
The reactions of thiolate anions with a-substituted 2-nitropro-
panes have been studied. The products of these reactions a,re the 
corresponding disulphides, a-nitrothioethers, and 2, 3-dimethyl-2, 3-
dinitropropane. The ratio of the products in relation to the structure 
of the starting materials is discussed. The a-nitrothioethers are 
formed by the ~RNl mechanism, while the available evidence suggests 
that the disulphides are formed by a non-radical mechanism. 
Some a-nitrothioethers have been reacted with a series of anions. 
Several of these reactions have been shown to proceed by the SRNl 
mechanism, with displacement of thiolate anion. 
The reaction ofnitronate anions with aromatic disulphides has 
,been shown to give a-nitrothioethers under mild conditions. The re-
action has been shown by kinetic studies to be second order overall. 
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INTRODUCTION 
The reactions of radical-anions, and reactions which involve 
transient radical-anion formation, are now established as an important 
part of organic chemistryl. A radical-anion is a molecule which, in 
addition to having one or more unpaired electrons, has a nett negative 
charge. Its formation may be schematically represented as in eqn. 1-1. 
M + e (1-1) 
The electron will enter the lowes.t unoccupied orbital, commonly 
a TT orbital, and a simple example of this is the formation of the 
benzene radical-anion [1-1]. 
[or [1-1] 
The first radical-anion was probably observed as ~ar1y as 1836z, 
when potassium hydroxide solution was added to benzil producing a 
deep blue colour which is now attributed to the formation of [1-2] • 
• 
[1-2] 
Further work3 showed the reaction was given by many a-diketones. 
More recently it has been amply demonstrated that radical-anions may 
be generated in many compounds containing TT bonds4, notably in 
ketones, azo and nitro compounds, simple and conjugated olefins, and 
aromatic s. In general the longer the TT· system, the ea sier is the 
formation of the radical-anion, due to the reSOnance stabilisation 
obtained. 
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Formation of radical-anions for reaction and study has been 
achieved by several, diverse means5 • Electrolytic reduction has found 
wide applicatio n and has been used to produce the radical-anions of 
aromatic systems, a-diketones, simple aliphatic ketones, nitrites, 
and nitroalkanes. Reduction using alkali metals has also been used, 
and some stable radical-anions may be produced using standard 
reducing agents such as sodium dithionite, glucose, and sodium boro-
hydride. 
The generation of radical-anions by the photo stimulated or 
thermally stimulated electron transfer from carbanions, nitranions, 
radical-anions, amines, and sulphur and phosphorous anions to un-
saturated systems, notably nitro compounds, aryl substrates, and 
olefins has found most use syntheticallylg. The process may be re-
presented as follows 6' 7: 
. 
R· + Tr (1-2) 
2 R· (1-3) 
The radical-anion 1'r - so formed may react further via several 
different· pathways. 
Radical-anions are generally not very stable, although in excep-
tional cases, e. g. the naphthalene radical-anion, they may be isolated 
and stored. Atmospheric oxygen readily destroys radical-anions by 
removing an electron (eqn. 1-4). 
In consequence all reactions involving radical-anions are best 
conducted under an inert atmosphere. 
(1-4) 
Electron transfer from radical-anions to other species is, in fact, 
common, and a typical example is the reaction of naphthalene radical-
- 2 -
anion with alkyl halides to form a variety of products (eqns, 1-5-1-8), 
- [RXf R' X - (1-5) Nap + RX Nap + + 
R' - - solvent (1-6) + Nap Nap + R RH 
2 R' R-R (1-7) 
, 
radical R' - (1-8) + Nap trapping alkylated dehydronaphthalenes 
Radical-anions have also been observed to dimerise, and ketyls 
(radical-anions derived from ketones) may exist predominantly in the 
form of pinacolates in suitable solvents, In contrast aromatic radical-
anions show little tendency to dimerise, 
If the radical-anion has a suitable leaving group, it is particularly 
unstable and the group X may be rapidly eliminated to give a radical 
and a stable anion (eqn, 1-9), 
, 
[R-Xf (1-9) 
The fate of R' depends on its structure and the nature of the other 
chemical species present, but it may, in suitable circumstances, 
react with another anion Y to generate a new radical-anion. 
The possible reactions of an intermediate radical-anion are sum-
marised in Scheme 1-1. 
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RX 
. [R-xf 
~dation 
(electron-
transfer) j dispropor-tionation 
RX 
SCHEME 1-1. 
1 
Y- or radical 
coupling 
. 
[R-Yf or R-R 
Radical-anions as intermediates in aromatic substitution. 
BunnettS - Z9 has described many examples of substitution in 
aromatic systems which are believed to proceed via an intermediate 
radical-anion rather than a Meisenheimer complex. These reactions 
are carried out in liquid ammonia or dipolar aprotic solvents and are 
dramatically stimulated by solvated electrons, light, or by heat. A 
simple ionic substitution mechanism via addition and elimination steps 
hardly accounts for this stimulation and the following mechanism has 
been proposed (Scheme 1-2). 
. 
ArX + electron donor [Ar-Xf + residue (1-10) 
• 
[ArXf Ar· X - (1-11) + 
. 
• - [ArYf (1-12) Ar +. Y 
. . 
[ArYf + ArX [ArXf + ArY (1-13 ) 
+ 
X = Cl, Br, I, SPh, F, NR3A - OP(O)(OEt)z, OPh, SePh 
Y = NHz, various carbanions, SPh 
SCHEME 1-2. 
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The reactions are inhibited by the radical trapping agents 
·Z-methyl-Z-nitrosopropane and tetraphenyl hydrazine8, 9. The action 
of such radical traps and other mechanistic probes will be discussed 
in more detail for substitution at aliphatic centres. 
Scheme l-Z highlights the processes of initiation (eqn. 1-10) and 
propagation (eqns. 1-11-1-13) which are believed to operate in substitu-
tion reactions involving radical and radical-anion intermediates. 
Initiatio~ is achieved by transf~r of a single electron from a 
suitable donor to the substrate. Donors which have been used success-
fully include organic and inorganic salts, amines, solvated electrons, 
and radical-anions. The radical-anion formed in the initiation step 
breaks down rapidly (eqn. 1-11) to give an aryl radical and a stable 
anion. The radical adds· to the nucleophile (Y-) to produce a new radi-
cal-anion (eqn. l-lZ), which then transfers one electron to a molecule 
of the substrate, perpetuating the chain sequence. The nature of the 
termination steps is, as yet, poorly understood. 
Bunnett8 has suggested the terminology SRNl (substitution, radical 
nucleophilic, unimolecular) to describe the reaction process of Scheme 
l-Z, and this is now widely used. 
Similar aromatic substitution reactions, believed to proceed via 
the SRNl mechanism, have been described by other workers. Z-Chloro-
quinoline30, 31 and 4-bromoisoquinoline3z have been substituted with the 
enolate of acetone and sodium thiophenoxide respectively (eqns. 1-14, 
1-15). 
,,33 0 
. (1-14) 
+-
Na OMe 
MeOH 
(1-15) 
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Rossi and co-workers33 investigated the photo-stimulated reaction 
of thiolates with l-chloronaphthalene in liquid ammonia and found the 
products to be naphthalene (in low yield) and the corresponding 
sulphide (eqns; 1-16,1-17). An SRNl mechanism was propo.sed. 
COI~ + cC 
'- -' 
(1-16) 
I. 
00 SR . ~ 
(1-17) 
Bunnett et al have also described the photo-stimulated reactions in 
liquid ammonia of vinyl halides with thiophenoxide, and acetone enolate 
anions34 • These reactions proceed less readily than the aryl equi-
valents to give only low yields of the substitution product (eqn. 1-18). 
o 
n ~Hz-c-Me (1-18) 
No reaction was observed in the dark and again an SRNl mecha-
nism was proposed. 
The reaction of acetone enolate with phenyl phenylethynyl sulphide 
- 6 -
(eqn. 1-19) gave phenyl acetone in 70% yield. 
( )-C=C-SPh hv 0 ?t • .. CHz-C-Me (1-19) 
70mins. -
Reaction (1-19) illustrates how favoured aromatic substitution is 
over reaction at unsaturated systems. The acetylide moiety is elimi-
nated from the intermediate radical-anion (eqn. 1-21b) in preference to 
thiophenolate (eqn. 1-21a) to give the product of aromatic substitution. 
( )-c=c -SPh + O-K+ [oc~c_SPh r I CHz=C (1-20) 
I 
Me 
[Q-c~C'SPh r a ( }C=C' + SPh 
~ (1-21) O· + C=C-SPh 
.0' + o 0, 11 _ CHz-C-Me (1-22) 
Radical-anions as intermediates in benzyl substitution. 
The first example of a radical-anion serving as an intermediate in 
aliphatic substitution was discovered during an investigation of the 
reaction of £-substituted benzyl halides with the sodium salt of 2-nitro-
propane35 ' 36, 37 (Scheme 1-3). 
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RI 
Z I 
R -C-NOz 
RI 
RZ-t-NOZ 
lHZ-( )-Z 
C-a1ky1ation 
[1-3] 
• 
and/or 
O-a1ky1ation 
[1-4] 
SCHEME 1-3. 
The salt is an ambident anion, and its reaction with an alkyl halide 
may lead to alkylation on carbon or oxygen. The latter route is nor-
mally predom-inant38 ' 39. In fact C-alkylation occurs only when 2- or 
~-nitro benzyl halides are reacted with the salt. In _all other cases 
O-a1kylation occurs, giving the corresponding ketone, via the nitronic 
esters. 
When p-nitrobenzyl chloride is reacted with the sodium salt of 
2-nitropropane an 83-950/. yield of the C-alkylated product is obtained 
(eqn. 1-23). 
(1-23 ) 
Q-Nitrobenzy1 chloride gives a 46% yield of the carbon alky1ate in 
the same reaction, but m-nitro benzyl chloride reacts to give O-a1ky1-
ation. 
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It was also found that the ratio of C- to O-alkylation occurring in 
the reaction of the salt of 2-nitropropane with a series of a-substituted 
E-nitrobenzyls depended on the nature of the a-substituent (Table 1). 
The poorer the leaving group the more C-alkylate was formed. 
TABLE 1 
Reaction of .E.-nitrobenzyls with the lithium salt of 2-nitropropane. 
a-substituent C-alkylate % O-alkylate '1. 
+ 
-NMe3Cl 93 0 
C6ClsCOO 93 0 
Cl 92 6 
OTs 40 32 
Br .17 65 
I 7 81 
The rate of reaction, when carbon-alkylation predominated was at 
least 100 times that when oxygen-alkylation predominated. 
In view of these facts it was suggested that O-alkylation proceeded 
.via· an- SN2 reaction but since the rate of C-alkylation was unaffected· 
by the nature of the leaving group a direct ionic displacement was un-
likely for· this type of reaction. Consequently an alternative mecha-
nism was sought. 
Electron spin resonance studies had shown that the salt of 2-nit-
ropropane can transfer an electron to nitroaromatics to form the 
corresponding radical-anions, but it proved impossible to detect the 
radical-anion of g-nitrobenzyl chloride. 
It was discovered, however, that carbon-alkylation could be inhi-
bited by small amounts of E-dinitrobenzene or !!,;-dinitrobenzene. 
Scheme 1-4 was suggested to account for the observed C-alkylation and. 
inhibition. 
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/ 
/ 
• 
+ MezC-NOz 
(1-24) 
(1-25) 
'.,-
• 
+ MezC-NOz OZN-o' CHz-CMez 
- I 
NOz 
(1-26) 
SCHEME 1-4. 
The feasibility of step (1-24) had been shown by ESR studies. 
Since the intermediate radical-anion would be expected to be very un-
stable the fact that it was not detected by ESR is not surprising. This 
instability also explains the insensitivity of C-alky1ation rate to the 
nature of the leaving group, since the break-down is so rapid that the 
leaving group is ejected at the same rate no matter what it is. 
It was suggested that the inhibitory effect of p-DNB was due to its 
ability to accept electrons from the intermediate radical-anion (eqn. 
1-27). 
Oz + I ~ .# 
NOz 
OZCl I ~ + .# 
NOz 
- 10 -
Qz I~ 
.# 
NOz 
(1-27) 
In this way it could prevent the cleavage of the radical-anion and 
the formation of the p-nitrobenzyl radical required for C-alkylation to 
occur. 
The mechanism also explained the uniqueness of the .2- and E-
nitrobenzyl systems in undergoing C-alkylation since only the .!Z- and 
.2-nitro groups are capable of stabilising the intermediate radical and 
encouraging the initial electron transfer. 
Later work showed that the reaction was inhibited by oxygen. It 
was also suggested that radical-anion substitution was in fact a chain 
process40, since the reaction of p-nitrobenzyl chloride with the sodium 
salt of 2-carbethoxy coumarin-3-one (Scheme 1-5) was completely in-
hibited by the presence of only 6xlO-4 IIlol of cupric chloride. 
The. siIIlilarity of this scheme to that proposed by Bunnett for 
,aroIIlatic substitution is iIIlmediately apparent. 
Russe11 and Danen41 proposed a simil~r chain mechanism for the 
reaction of the salt of 2-nitropropane with p-nitrobenzyl chloride, 
- , 
. and reported the observation of the intermediate radical-anion cor-
responding to [RA] by ESR. This reaction was also catalysed by 
light and inhibited by hexaphenyl ethane. 
Substitution in the E.-nitrocumyl system. 
More support for a chain mechanism was provided by studies of 
the reactions of a-substituted .!Z-nitrocumyl compounds (1-5] with an-
ions. 
Me 
I 
Me-C-X Q 
NOz 
[1-5 ] 
Since in this system substitution must occur at a tertiary carbon 
centre, SN2 type attack should be suppressed, yet it was found4z that 
p-nitrocumyl chloride reacted relatively rapidly with a variety of 
nucleophiles at rOOIIl temperature in dipolar aprotic solvents to give 
- 11 -
+ 
·cO ,. \-I 'COzEt 
'- 0 
{I-28} 
{I- 29} 
[RA] 
{1-30 } 
.+ 
{1-31 } 
SCHEME 1-5. 
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high yields of the substituted product (Scheme 1-6). 
Me Me 
I I 
Me-C-C-NOz 
I 
Me 
~ 
Me 
I 
Me-C-CH{COOR)z 
+ -~_NO' 
Me 
Q ~ 
~ NOz 
/ Na +CH{COORlz 
+PhSOV 
I 
Me-C-Cl Q. 
~aCN Na7 NaNOz·~ 
84% 
SCHEME 1-6. 
Me 
I 
Me-C-CN 
o 
.y 
NOz 
a,p-Dinitrocumene participates in similar reactions, as do the 
E.-nitrocumenes substituted with the sulphinate, azide, and phenoxide 
groups. 
Mechanistic considerations. 
The mechanism of the reaction of E.-nitro cumyl compounds with 
- 13 -
· anions has been studied extensively. 
The reactions are inhibited by molecular oxygen43 • For example, 
the reaction of sodiomalonic ester with ~-nitrocumyl chloride produces 
under nitrogen a 90% yield of the C-alkylated product but when the 
reaction was conducted under oxygen only the O-alkylate was observed 
(eqn. 1-32). 
Me 
I 
Me- -Cl 
(a) 
+-
+ Na CH(COzEtjz (1-32) 
Oxygen alone does not convert p-nitrocumyl chloride to the alcohol. 
The reactions with other anions are also suppressed by oxygen giving 
rise mainly to the alcohol (eqn. 1-32a). When sodium azide and piperi-
dine are used as nucleophiles the hydroperoxide may be isolated44 (eqn. 
·1-33). 
Me Me Me Me 
I I I I 
Me-C' Me-C-O-O' Me-C-OOH Me-C-OH 
0 Oz 0 0 0 
NOz NOz NOz NOz 
(1-33) 
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Oxygen scavenges the intermediate E-nitrocumyl radical giving the 
peroxy radical. The latter is converted to the hydroperoxide by hydro-
gen abstraction from the solvent. The nuc1eophiles, except azide and 
piperidine, then reduce the hydroperoxides to alcohols. Thus oxygen 
inhibition implies that £-nitrocumyl radicals are intermediates in the 
various substitution reactions involving E-nitrocumyl chloride and ~,£­
dinitrocumene. 
Very small amounts of oxygen also inhibit the reactions of p-nitro-
cumyls44. The reaction of £-nitrocumyl chloride with sodium benzene 
sulphinate is normally complete in two hours under nitrogen giving a 
95% yield of the sulphone, but the presence of only 1 mol % of oxygen 
causes the reaction to proceed only 1'1. to completion in the same 
period. This result suggests that the reactions are chain proces ses, 
with a small amount of oxygen being able to intercept a chain carrying 
radical, presumably the g-nitrocumyl radical. 
The inhibition of the reactions of substituted r-nitrocumyl com-
pounds with anions by p-DNB or m-DNB in low concentrations has also 
- -
been observed1g. 
Both these compounds readily accept electrons and can participate 
in electron transfer reactions with intermediates of the substitution 
process. The reaction of sodium nitrite with g-nitrocumyl chloride is 
normally 93% complete in 20 minutes but if 10 mol % of g-DNB is pre-
sent no reaction is observed. That only 10 mol % of .E-DNB is such an 
efficient inhibitor again points to a chain process and it was sugges-
ted1g . that .E-DNB causes the inhibition by accepting an electron from 
an intermediate radical-anion and thus interrupting a chain sequence. 
Di-{tert-butyl) nitroxide also inhibits the reactions of ~,g-dinitro­
cumene and £-nitrocumyl chloride with anions. The compound is 
known to be a free radical scavengerZ1 , and the presence of 5 mol % in 
the reaction of g-nitrocumyl chloride with the lithium salt of Z-nitro-
propane caused almost total inhibition of the reaction for 30 minutes. 
In the absence of di-{tert-butyl) nitroxide the reaction is 90'1. complete 
in the same time. This result again suggests that radicals are chain 
carriers in these reactions. 
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Further support for a chain process was made available when it 
was discovered that some of the reactions of a,,E-dinitrocumene and,E-
nitrocumyl chloride could be accelerated by daylight or ceiling 
light4Z' 44, 46. A photochemical study showed that the reaction of a,,E-
dinitrocumene with sodium azide has a quantum yield of 570, while the 
reaction of ,E-nitrocumyl c~loride with sodium azide has a quantum 
yield of 6000. Clearly at least these two reactions must be taking place 
via a chain process. 
Attempts to detect the radical-anion of £-nitrocumyl chloride by 
ESR spectroscopy have fail e d47 • This failure is attributed to the rapid 
expUlsion of the chloride anion before the radical-anion can reach a 
high enough concentration to give an ESR signal. 
In view of the facts, the sequence of Scheme 1-7 was suggested as 
the mechanism for the reaction of a-substituted E-nitrocumyl com-
pounds with anions. 
This sequence again resembles closely that proposed by Bunnett 
for SRNl aromatic substitution. 
all the reported obs ervations. 
Moreover the scheme can account for 
The presence of the p-nitro groups stabilises the intermediate 
radical-anion and facilitates the elimination (step (1-35)) but it is not 
essential for the substitution reaction to proceed. The systems below 
,[1-'(,-1-9] als~ give rise to substitution products48; but generally in lo-
wer yield and accompanied by products from competitive processes. 
Me Me 
I I 
Me-C-X Me-C-X (\ Q F 3C::::"'" CF3 
[1-6] 
[1-7] 
a X = NOz 
Me 
I 
Me-C-X Q 
I 
Ph 
[1-8] 
b X = Cl 
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Me 
I 
Me-C-X 
o VNOz 
[1-9] 
Me 
I 
Me-C-X 
0 
NOz 
Me 
I 
Me-C-X 
o 
NOz 
Me 
I 
A-C-Me 
0 
NOz 
-+ A 
, 
Me 
-
I 
Me-C-X 
+ 0 
NOz 
Me 
I 
Me-C-X 
0 
NOz 
Me 
I 
Me-C· 
o 
NOz 
Me 
I 
A-C-Me 
n Yoz 
SCHEME 1-7, 
, 
-
+ A' 
Me 
I 
(1-34) 
(1-35) 
(1-36) 
(1-37) 
For example. the reaction of [1-6b] with the lithium salt of 2-ni-
trop·ropane gives rise to three products [1-10. 1-11. and 1-12]. appa-
rently arising from SN2 attack by oxygen to give the alcohol [1-10] •. 
and by dehydroha1ogenation to give the olefin [1-12]. and [1-11], 
- 17 -
OH 
I 
Me-C-Me 
~ F3~CF3 
30% 
[1-10] 
6
MecH_cHzyMez 
If!? I NOz 
F3C ~ CF3 
30% 
[1-11] 
M:J)HZ 
F 3CVCF3 
10r· 
[1-12] 
It has recently been shown that the benzene ring need not be sub-
stituted at all for this type of substitution reaction to occur if hexa-
methyl phosphoric triamide (HMPA) is used as solvent and long re-
action times are used49 • The sodium salt. of nitroethane and a-nitro-
cumene react in HMPA at 25 0 in 45 hours to give a 74% yield of the 
C-alkylation product (eqn. l-38a). 
-
HMPA 
+ MeCHNOz 
74% 
The above reaction is inhibited by molecular oxygen, ~-DNB and 
di-(tert-butyl) nitroxide, and many examples of substitution in the ring 
substituted and unsubstituted a-nitrocumene series were described. 
Other one electron transfer agents may promote the reaction of 
anions with ~£-dinitrocumene and £-nitrocumyl chloride if the anion 
.employed is itself a poor electron transfer agent50 , Ig. ~,£-Dinitro­
cumene and sodium azide do not react at all in the dark even after 48 
hours, but when 5 mol % of naphthalene sodium is added complete re-
action occurs in less than an hour to give g-nitrocumyl azide in 97"/. 
yield. Other one electron transfer reagents such as sodium hyper-
oxide (Na + Oz ~), sodium trimesityl borane and solutions of sodium in 
HMPA have been used to initiate the reaction (eqn. 1-34), and lead into 
- 18 -
the chain sequence. In a similar way 10 mol % of the lithium salt of 
2-nitropropane can be used to initiate the reaction of sodium azide with 
a,~-dinitrocumene, to give a 97% yield of £-nitrocumyl azide in three 
hours. 
The stereochemistry of substitution lends support to the interme-
diacy of a ,E-nitrocumyl radicallg. When the optically active compound 
[1-13] was treated with sodium azide in HMPA it was converted to the 
azide with c,?mplete loss of stereochemistry (eqn. l-38b). 
Et Et 
I I M(50' 
+ NaN3 M2j' (1-38b) 
NOz Oz 
[1-13] racemic 
Treatment with sodium benzenesulphinate, sodium thiophenoxide, 
nitropropanide, and sodium nitrite gives a similar result, all of which 
is consistent with the formation of an intermediate radical which is 
planar and so achiral. If the reaction proceeded by an SN2 mechanism 
inversion of configuration would be expected. 
Finally the possibility of an elimination-addition mechanism via 
an olefin was considered by Kornblum and co_workers4Z but rejected 
on the following grounds. 
The reaction of sodium thiophenoxide with ,E-nitrocumyl chloride 
in DMF at O· gives in two hours a 95'1. yield of the substitution product 
(eqn.1-39). 
Me Me 
I I 
Me-C-Cl Me-C-SPh 
0 DMF, O· Q + SPh (1-39) 2 hrs. 95% 
NOz Oz 
- 19 -
However, treatment of the proposed olefin intermediate with thio-
phenoxide leads not to the observed product but to the isomeric sul-
phide (eqn. 1-40). 
DMF, O· (1-40) > 2 hrs. 
The proposed SRNl mechanism for the reaction of anions with a-
substituted compounds is thus well substantiated. The first step (eqn. 
1-34) is an initiation step, where a single electron is transferred from 
the anion, or a promoter, to the cumyl compound. The transfer is 
facilitated by the presence of electron withdrawing substituents in the 
aromatic ring, and by light stimulation. The radical-anion formed in 
the initiation step is unstable, and rapidly ejects the anion X- to form 
( 
the cumyl radical intermediate, which may be intercepted by the radi-
cal scavengers oxygen and di-(tert-butyl) nitroxide,preventing the first 
of the propagation steps. However, in the normal course of events 
coupling of the nucleophile and cumyl radical takes place (eqn. 1-36), 
leading to a new radical-anion which rapidly transfers an electron to 
!he _starting material, to perpetuate the chain sequence •. _ 
Substitution in aliphatic systems. 
The participation of purely aliphatic systems in SRNl reactions has 
also been observed. The reaction of the salts of nitroparaffins with a-
halonitroparaffins was described as early as 1939500 (eqn. 1-41). 
(1-41) 
In particular the .reaction of the sodium salt of 2-nitrop'ropane with 2-
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chloro-2-nitropropane, 2-bromo-2-nitropropane, and 2-iodo-2-nitro-
propane in refluxing ethanol was found to give 9, 29, and 43% yields 
respectively of 2, 3-dimethyl-2, 3 -dinitropropane. Other reactions with 
various R groups gave similar results except when RI or R Z = H, or 
when R3 or R4 = H. No product was observed in these cases. For 
example, the sodium salt of nitroethane failed to react with 1-bromo-
I-nitroethane or 2-bromo-2-nitropropane. In a similar maru;-er the 
sodium salt Qf l-nitropropane does not react with l-bromo-l-nitropro-
pane, and the sodium salt of 2-nitropropane was not observed to react 
with l-bromo-l-nitroethane in refluxing ethanol. However, an earlier 
report of Nenitzescu, and Isacescu5Z describes the formation of l,2-di-
phenyl-l,2-dinitroethane in the reaction of the sodium salt of phenyl 
nitromethane with phenyl iodomethane. 
E.E. van Tamelen and G. van Zy153 described the reaction of ethyl 
diethyl malonate with 2-chloro-2-nitropropane. They obtained the 
alkylated product [1-14] in 68% yield (eqn. 1-42). 
( -
MezC(Cl)NOz + EtC(COzEt)z--- MezC(NOz)C(COzEt)zEt 
[1-14] 
(1-42) 
More recent investigations4I' 47, 54' 55, 56 have confirmed and ex-
tended these studies. Catalysis by light and inhibition by small 
amounts of 2-DNB, galvinoxyl, di-(tert-butyl) nitroxide, and hexaphe-
nyl ethane have been observed in reactions using a variety of anions 
and a-substituted nitroaliphatic compounds45' 58. The proposed me-
chanism is given in Scheme 1- 8. 
Other a-substituted nitroaliphatics react with anions to yield a 
product which is formally the result of direct di·splacement of the nitro 
group 59' 60, 61. The reactions are again subject to catalysis by light 
and to inhibition by low concentrations of a variety of radical scaven-
gers and electron acceptors. A similar mechanism to Scheme 1- 8 has· 
been proposed (Scheme 1-9). 
The reactions of Schemes 1-8 and 1-9 are all fairly rapid at room 
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. 
RzC(NOz)X + A- [RzC(NOz)Xf + A· (1-43) 
x = SOzPh, NOz, Br, I, Cl 
(1-44) 
(1-45) 
. . 
[RzC(A)NOzf + RzC(NOz)X - [RzC(NOz)Xf + RzC(A)NOz (1-46) 
R = alkyl A- = SOzAr, nitronates, MeC(COzEth, 
MeC(CN)COzEt, SPhC1 
SCHEME 1-8. 
, . 
RzC(X)NOz + A- [RzC(X)NOzf 
x = COOR, COR, CN, NOz 
• . 
RzCX +' A- [RzC(A)Xf 
. . 
(1-47) 
(1-48) 
(1-49) 
[RzC(A)Xf + RzC(X)NOz -_. [RzC(X)NOzf + RzC(A)X (1-50) 
-R = alkyl A- = MezCNOz, PhSO z-, EtC(COzEt)z, 
ArSOz-C(Me)CN. ArSOzC(Me)COzEt' 
MezC-NOz I 
X 
SCHEME 1-9. 
O· 
;' 
MezC-N I ,,- + 
X 0 R 
aN = 3.95 
aH =19.7 
SCHEME 1-10. 
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O· 
;' 
.MezC-N I ,,-
X 0 
1 
. 
MezCNOz 
temperature in dipolaraprotic solvents giving good yields of products 
(80-95%) • 
Support for the mechanism of Schemes 1-8 and 1-9 has been provi-
ded by ESR studies. Though it has so far proved impos sible to ob-
serve the radical-anions of 2-chloro-2-nitropropane, 2,3-dinitropro-
pane, and 2-cyano-2-nitropropane62, the radical-anions of fluoronitro-
alkanes have been detected63, and so has the radical-anion of 2-nitro-
propane64 , 65. Norman and co-workers 65 have also described the gene~ 
ration of the 2-nitropropyl radical at pH 18 from 2-chloro-2-nitropro-
pane and 2-bromo-2-nitropropane us.ing • COzH, • CMezOH, or 
• CMezOCHMez as reducing agents (Scheme 1-10). 
Reduction in basic media was also observed but the ESR signal 
was too weak for analysis. However in the presence of an excess of 
ammonia or sodium sulphide a strong signal was observed and this was 
attributed to the radical-anions [1-15] and [1-16] respectively. 
+ 
.... 0 = 26.4 
-H aN 
MazC-NOz + NH3 MezC-N 
I " - 0.8 NHz 0 
a H = 
[1-15] 
.... 0' aN = 24.1 
·z-MezC-NOz + S MezC-N I ,,-
= 0.4 
- 0 a H S 
[1-16] 
The presence of these radical-anions infers that the reactions of 
Scheme 1-10 do occur in basic media, and that the 2-nitropropyl radical 
couples relatively slowly with the 2-nitropropyl aci-anion. Edge, 
Norman, and Storey66 have demonstrated that the coupling of the 2-
nitropropyl anion with the 2-nitropropyl radical does occur. The re-
action was observed in the oxidative coupling of 2-nitropropane by 
. 
S04 - in basic media. 
The ESR signal observed in this reaction was assigned to [1-17]. 
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[ 
Mez9-9-Mez ]! 
OzN NOz 
[1-17] 
a = 23.75 N 
g = 2.0050 
Dimerisation of 2-nitropropyl radicals followed by reduction was 
discounted since 2,3-dimethyl-2,3-dinitrobutane cannot be readily re-
. 
duced by 504 - under the stated reaction conditions (eqn. I-51). 
MezC=NOz- ---+, MezC(NOz}C(NOz}Mez 
.f 50/' 
[1-17] (I-51) 
Instead it was suggested that the 2-nitropropyl radical adds to the 
2-nitropropyl anion to give [1-17] directly (eqn. I-52). 
[1-17] (I-52) 
The ESR studies show that a-halonitroalkanes and nitroalkanes can 
be reduced by suitable electron donors, i. e. that the initiation step is 
possible. In addition they show that the radical-anion so formed brea-
ks down rapidly with loss of bromide or chloride anion if a-bromonit-
ro- or a-chloronitro-alkanes are reduced, thus supporting the second 
.step of Scheme l-S. Finally they show that the 2-nitropropyl radical 
, can couple with anions to form a radical-anion, the process of eqn. 
1-45. 
Schemes l-S and 1-9 differ only in the way in which the intermedi-
'ate radical-anion [I-IS] cleaves (eqn. I-53). 
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Generally path b (and Scheme 1-9) only prevails when X is a very 
poor leaving group. 
It has been noted that. if the anion reacting with the a-substituted 
nitr~ compound is easily reduced. substitution may not occur at all and 
an oxidation-reduction reaction occurs in its place. Such behaviour is 
observed in the reaction of 2-nitropropane anion and butane thio1ate 
with 1.1.1-trinitroethane67 (eqn. I-54). 
-MeC(NOzh + MezCNOz --..... MeC(NOz)zCMezNOz + MezC(NOzlz 
(I-54) 
The' presence of three nitro groups facilitate,s the oxidation-
reduction reaction in this case. The mechanism is discussed later. 
In a similar manner the reaction of the sodium salt of 2-nitropropane 
with 2-nitro-2-(nitropheny1azo}propane (eqn. I-55) gives 2.3-dimethy1-
2.3-dinitrobutane and acetone £-nitropheny1 hydrazone54 • 
/N=NO' NOz 
MezC - + MezC-NOz 
'NOz 
[1-19] 
[1-20] 
OzN--( }-NH-N=CMez + MezC(NOz}CMez(NOz} (I-55) 
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The following mechanism was proposed (Scheme 1-11). 
• • 
-_I MezC-NOz + [l-19r 
(1-56) 
. 
[l-19f (1-57) 
-E-OzNC6H4N=N-CMez 
(1-58) 
(1-59) 
[1-20) (l- 6 0) 
SCHEME 1-11. 
The reaction of thiolate anions with a-substituted nitro compounds. 
The reaction of thiolate anions with E-nitrobenzyl, E-nitrocumyl, 
and aliphatic nitro systems has, in general, been poorly investigated. 
Russe1147 has reported that the reaction of lithium thiophenoxide 
with 2-chloro-2-nitropropane is accelerated by light but the substitu-
tion product, 2-nitropropyl-2-phenyl thioether could not be detected. 
The reaction of n-butane thiolate with l,l,l-trinitroethane in hot etha-
no1 67 leads to the formation of the corresponding disulphide (71 %) and 
l,l-dinitroethane (42%). Several possible mechanisms have been pro-
posed for this reaction. 
The authors favoured an ionic displacement reaction on the posi-
tive nitrogen of one of the nitro groups by butane thiolate (eqns. 1-61, 
1-62) while the referee of the paper offered two alternative pathways 
involving radicals. (Schemes l-12a, b). 
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+ -OzNSBu + K BuS 
a) MeC(NOzh + BuS-
·NOz + BuS 
2 BuS· 
or b) 
MeC(NOzh + BUS 
2 BuS 
- + MeC(NOzlzK + OzNSBu (1-61) 
BuSSBu + K + NOz- (1- 62) 
-BuS· + ·NOz + MeC(NOzlz (1- 63) 
• (1-64) 
BuSSBu (1- 95) 
---, MeC(NOzlz + NOz - + BuS· (1-66) 
BuS· + MeC(NOzlz (1- 67) 
BuSSBu (1-68) 
SCHEME 1-12 a, b. 
Scheme 1-l2b is essentially the same as a mechanism later propo-
sed by Russell54, (Scheme 1-13), which invokes the intermediacy of the 
l,l,l-trinitroethane radical-anion. The reaction has not been studied 
mechanistically, though Russell and Danen54 consider the driving force 
may be instability of the intermediate radical-anion and the relative 
stability of the dinitro anion formed in the oxidation~reduction step 
(eqn.l-71). 
The reaction of cysteine with 5-bromo-5-nitro-l,3 -dioxane also 
gives disulphide 68 (eqn. 1-74). 
<~J3r + CySH 
oJNoz 
---, CySSCy + ~> Oz~o (1-74) 
In contrast the reactions of thiolates with <l',E-dinitrocumene and 
£-nitrocumyl chloride give the substitution product in high yield under 
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mild conditions42 • For example, the reaction of (eqn. 1-75) is com-. 
p1ete in two hours at 0·, giving a 95% yield. 
Me 
I 
Me-C-C1 Q .-s{ > 
NOz 
(1-75) 
An SRN1 mechanism has been proposed, in preference to a halogen 
abstraction reaction (eqn. 1-76). 
+ cC 
(1-76) 
The reaction sequence (eqn. 1-76) was rejected since a 30 molar 
excess of methanol added to the reaction mixture did not scavenge the 
nitrocumy1 anion. 
The reaction of methane thio1ate with p-cyano-O'-nitrocumene can 
give two products depending on the solvent emp10yed1g . (eqn. 1-77). 
Substitution of O'-substituents in nitroaliphatic compounds by thio-
1ates has only rarely been observed. Kornblum et a145 have demonst-
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rated that the reaction of g-chlorothiophenolate with a-nitrosulphones 
proceeds via an SRNl InechanisIn (eqn. 1-78). 
82% 
(1-77) 
M6ZC(NOZ)S-( )-Cl 
59'1. 
(1-78) 
The, reaction is reported to yield 59% of the a-nitrothioether in 
DMSO in two hours at room temperature with illumination. Di-(g-
chlorophenyl) disulphide (5%) and 2,3-dimethyl-2,3-dinitrobutane (1%) 
were detected as by-products. 
Kharasch and Cameron69 have reported a few other exaInples of 
, the reactions of thiolates with a-halonitro compounds but in no instance 
was a substitution product isolated. The reaction of 1-broIno~l-nitro­
ethane with 2,4-dinitrophenyl thiolate anion in absolute alcohol gives 
only the corresponding disulphide, while the reaction with the thiol in 
benzene was unsuccessful. Fusion of the compounds gave no useful 
results. 
The reaction of 2-nitropheny1 thiolate with 2-ch10ro-2-nitropro-
pane in ethanol gave the disulphide as the major product. No other 
products were reported. 
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Finally the reaction of equimolar quantities of £-tolyl thiolate and 
l-chloro-l-nitroethane in absolute' ethanol for fifteen hours, followed 
by oxidation with hydrogen peroxide in acetic acid gave the a-nitro 
sulphone (eqn. 1-79) in 15% yield, inferring the intermediacy of the 
a-nitro thioether. 
Me-C~ Cl + Me-( )-s-
..... NOz 
[ Me_cfH.sO
Me
] 
..... NOz 
1 
/soz~<e 
Me-CH -"=I_-:m 
, ..... NOz 
(1-79) 
Interest in the chemistry of a-substituted nitroalkanes is due, to 
some extent, to their biological activity, which has been discussed in 
several papers70' 71' n. The a-halonitroalkanes are, 'in particular, 
active against a broad spectrum of fungi and bacteria, and will effec-
tively limit the growth of such organisms when present in only low 
concentration. The presence of a bromine atom a to the nitro group 
leads to highest activity and a substance containing such a grouping 
has been marketed for use as a fungicide. Nitro compounds devoid of 
an a- substituent are poor antimicrobial agents. The particular grou-
ping of the nitro group and a halogen, or other substituent on the same 
carbon is 'clearly of importance as far as biological activity is concer-
ned. The mode of action of these compounds has never been well de-
fined and the work described herein stemmed from the proposal that 
interaction of sulphydryl groups within the organism with the a-subs-
tituted nitro compound might be the origin of the latter's activity. 
Consequently, an investigation of the reactions of thiolates with 2-
bromo-2-nitropropane was the initial object of this project, but its 
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.. ' 
scope widened as the work progressed, eventually 'enveloping the re-
actions of thiolateswith a variety of a-substituted nitro co~pounds and 
also the chemistry of some of the products of these reactions • 
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DISCUSSION Part 1. 
The reaction of thio1ates with 
a- substituted nitropropanes. 
Many courses may be envisaged for the reaction of thiolates with 
a-substituted nitropropanes [la-hJ. This is in part due to the particu-
lar chemical properties of the two species involved. 
Thiolate anions are recognised as being some of the most nucleo-
philic species known73, and they may be expected to participate readily 
in bimolecular nucleophilic displacement reactions. On the other hand 
thiolate anions are easily oxidised by a variety of reagents to the cor-
responding thiyl radicals. The latter combine rapidly to form disul-
phide74 • The rate constant for the combination of methyl thiyl radicals 
. for example, has been measured as k=3xlOIO M-I sec -I 75 
The presence of the nitro group profoundly influences the proper-
ties of the a- substituted nitropropanes. In general the latter are easi-
ly reduced and, in addition, electron density on the a-substituent is 
markedly decreased due to the inductive electron withdrawing effect of 
the nitro group. This allows the possibility of abstraction of the a-
substituent by a suitable nuc1eophile: 
Me ..... ",Z 
C [lJ 
Me'" 'NOz 
[lJ a, z· = I b, Br c, Cl d, NOz e, E-nitrophenylazo 
f, Me g, SOzPh h, SAr 
The primary processes which are possible in the reaction of a 
thiolate anion with compounds of formula [lJ are summarised below in 
Scheme 2-1. 
Various subsequent reactions may occur to form the observed 
products •. 
The reaction of a variety of thiolates [2a-fJ with a selection of a-
substituted nitropropanes [la-hJ has been studied, though the reaction 
of thiolates with 2-bromo-2-nitropropane was given the most attention. 
The thiolate a·nions were chosen because of their availability, di-
versity of structure and different acidities. They are listed in Table 
2-1. 
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Abstraction (SN2) of Z 
Me _ 
'C-NOz + RSZ 
Me'" 
Electron transfer /oxidation-reduction 
as 
Me, ",Z 
+ C 
"" , Me NOz 
RS' + [Me>~z j: 
Me NOz 
Formation of a nitro olefin (elimination), 
~ as . H-CHz Z 
'c"" 
Me"" 'NOz 
""Me 
CHz=C 
'NOz 
(2-1) 
(2-2) 
(2-3) 
Bimolecular displacement at carbon with displacement of a-substituent 
or nitro group, 
""Me 
RS-C--Me 
'NOz 
Me 
as_toMe 
'z 
An SNl type mechanism, 
Me, ,,;Z 
C 
"" , Me NOz 
Z 
Me,+ 
C-NOz 
Me'" 
as 
SCHEME 2-1. 
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(2-4) 
(2-5) 
(2-6) 
THIOLATE [2] 
Aliphatic 
a) HOCHzCHzS 
b) PhCHzS-
c) AcNHCH(CO.zMe)CHzS-
Aromatic, E- substituted 
X= 
d) H 
e) Me 
£) Cl 
g) NOz 
Aromatic,.2- substituted 
X= 
h) NOz 
. Miscellaneous 
TABLE 2-1. 
K a p a 
ca. 9.5 
9.43 
10.21 
6.81 
. 7.08 
b 7.06 
4.99b 
5.99 
unknown 
(a) Data from Ref. 76. Acidities of aliphatic thiols determined in 
H 20; acidities of aromatic thiols obtained in ethanol-water, 20-80 v/v. 
(b) Determined in ethanol-water, 49-51 v/v. 
The reactions of thiolates with the a-substituted nitropropanes 
were, as far as pos sible, carried out in a similar manner, in dry di-
methyl formamide under a dry, oxygen-free nitrogen atmosphere. A 
dipolar aprotic solvent was chosen because this enabled both reactants 
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TABLE l-l. The reactions of thiolates with l-X-l-nitropropanes. 
I~ Nitro ' eompd. 
la 
Ib 
le 
Id 
le 
If 
Ig 
Me, "SR 
C 
Me" 'NOz 
[4] 
. 
.l.1\ 
Sa (80) 
lb 
5b (86) 
6 (86) 
51> (87) 
6 (l8) 
5b (91) 
6 (IS) 
5b (44) 
21 (lO) 
5b (77) 
5b (58) 
1 g (54) 
(RS)z 
[5] 
2c ld 
Se (60) 5d (87) 
,6 (64) 6 (97) 
5d (5l) 
6 (13) 
5d (9l) 
6 (42) 
7d (59) 
le (19) 
5d (51) 
If (20) . 
5d (48) 
6 (3) 
+t-
NOzNOz 
[6] 
le le Zf Zf 2g 
Se (78) Sf (75) 
6 (76) 6 (79) 
Se (90) Sf (70) 4g (74) 
6 (47) 6 (73) 
Sf (32) 
4f (35) 
4£ (69) 
7f (25) 
5£ (46) 
Sf (34) 
1 g (38) 1 g (93) 4£ (59) Sf (5) I g (92) 
6 (1 ) 
Me~<SR ~ , 
Me N=N~NOI 
[7) 
. :.. 
.. 
lh lh 2j 
5h (97) 
6 (98) 
6 (11 ) 5h (14) 4j (89) 
4h (75) 
4h (34) le (57) 
5h (14) 
4h (55) Id (l7) 
5h (9) 
7\1 (16) 
le (84) 
MezC=N~NH-oNOa 
[21)" 
, :, 
I 
I 
, 
to be readily dissolved. Dipolar aprotic solvents are also known to 
promote both nucleophilic ionic reactions 77 and radical-anion chain 
processesZ7 • The products and yields are summarised in Table 2-2. 
Even before a detailed study of the results is made, some trends 
are evident, especially in the reactions of p-chlorophenyl thiolate [2£] 
and 2.-nitrophenyl thiolate [2h]. 
The reaction of ,E-chlorophenyl thiolate [2£] with 2-iodo-2-nitro-
propane and 2-bromo-2-nitropropane proceeds rapidly at room tem-
perature to give good yields of di-(p-chlorophenyl) disulphide [Sf] and 
2,3-dimethyl-2,3-dinitrobutane [6] in each case. When a poorer lea-
ving group is present in the a-position, . as in 2-chloro- 2-nitropropane, 
another product, an a-nitrothioether, is also formed. 
--, MezC(NOz)S-oCI 
3S% 
(2-7) 
The reaction of g-chlorophenyl thiolate with 2-benzenesulphinyl-
. 2-nitropropane [lg] leads to a good yield of a-nitrothioether (S9%) with 
only a trace of disulphide being formed45 • 2,2-Dinitropropane [Id] re-
acts to give the a-nitrothioether as the sole product in 69% yield. It 
is clear that the nature of the a-substituent has a considerable effect 
on the course of the reaction • 
. A similar situation pertains to the reactions of .e.-nitrophenyl 
thiolate. 2-Iodo-2-nitropropane [la] and the thiolate react very rapid-
ly to give an excellent yield of disulphide [Sh] and 2,3-dimethyl-2,3-
dinitrobutane [6] but, in contrast, 2-bromo-2-nltropropane [lb] reacts 
much more slowly to give the a-nitrothioether in excellent yield (7S%). 
This difference in rate of reaction to produce disulphide and a-nitro-
thioether has been noted in many instances. In general the formation 
of disulphide is very rapid, while a good yield of a-nitrothioether is 
only obtained after several hours. 
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The reaction of .2.-nitropheny1 thio1ate with 2-chloro-2-nitropro-
pane and 2,2-dinitropropane is relatively slow, being incomplete after 
sixteen hours at room temperature. The major product in each case 
is still the corresponding a-nitrothioether [4h]. It-is perhaps signifi-
cant that the SRN1 reactions of 2-ch1oro-2-nitropropane and 2,2-di-
nitropropane are known to be rather slower than those of 2-bromo-2-
nitropropane45 • 
Another trend is apparent if one considers the variation of product 
with the nature of the thio1ate employed. The production of disulphide 
is limited to those thio1ates derived from thio1s with the higher pK 
. a 
values (see Table 2-1). Benzyl thio1ate·[2b], for example, reacts with 
all of the a-substituted nitropropanes to give dibenzy1 disulphide [5b] 
in good yield. In no instance is any a-nitrothioether formed. A simi-
lar situation applies to the reactions of 'pheny1 thio1ate [2d], although it 
does form one substitution product, on reaction with 2-nitro-2-{E-nit-
ropheny1azo)propane (eqn. 2-8). 
+-
MezC{NOz)N=NPhNOz + Na SPh , . MezC {SPh)N =NphNO z 
,[7d] (59'10) 
(2-8) 
This reaction is atypical in that it represents the substitution of 
the nitro group rather than an a-substituent. 
Reactions of the thio1ates derived from more acidic thio1s with a-
substituted nitropropanes are more likely to result in the formation of 
the 'substitution product. This point is amply illustrated by the reac-
tions of g-ch1oropheny1 and £-nitropheny1 thiolates discussed above, 
and by the reaction of g-nitrophenyl thiolate [2g] with 2-bromo-2-nit-
ropropane [lb], which gives the corresponding a-nitrothioether in 74% 
yield. 
Mention should also be made of the variation in yield of 2,3-di-
.methyl-2,3-dinitrobutane [6] with the a-substituent. The dinitrobutane 
[6] is only a product when disulphide is also produced, but the yield 
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varies considerably. This may easily be seen in the reactions of ben-
zyl thiolate [Zb] with 2-bromo-Z-nitropropane [lb], Z-chloro-Z-nitro-
propane [lc], and 2,Z-dinitropropane [Id]. The reaction with the bro-
monitropropane [lb] gives a good yield of both dibenzyl disulphide (86'10) 
and Z,3-dlmethyl-2,3-dinitrobutane (86'10), while reaction with the 
chloronitropropane [lc] and the dinitropropane [Id] gives good yields of 
dibenzyl disulphide (87 and '91 '1.) but lower yields of the dinitrobutane 
(Z8 and 15%). A similar diminution in the yield of the dinitrobutane [6] 
occurs in the reactions of p-tolyl thiolate [Ze], phenyl thiolate [Zd], 
and p-chlorophenyl thiolate [2£] with the nitropropanes [lb], [lc], and 
[Id]. 
To summarise, a-nitrothioether is more likely to be a product of 
the reaction of thiolates with a-substituted nitropropanes when the thio-
late is derived from a thiol of low pK and/or the nitro compound is a-
a 
substituted with a relatively poor leaving group. 
The reaction of thiolates with Z-iodo-2-nitropropane. 
The reaction of one equivalent of £-tolyl, £-chlorophenyl, and Q-
nitrophenyl thiolates with Z-iodo-Z-nitropropane [la] in dimethyl form-
amide at room temperature gives the corresponding disulphides and an 
equivalent amount of Z,3-dimethyl-Z,3-dinitrobutane [6], both in good 
yield. The reactions appear to be very rapid. The addition of 2-iodo-
Z-nitropropane to a solution of £-nitrophenyl thiolate leads immedia-
tely to the loss of the deep red colour due to the anion. The reaction 
of £-tolyl and g-chlorophenyl thiolates should be just as rapid. The 
mechanism of formation of the disulphide will be discussed later. 
The reaction of thiolates with Z-bromo-Z-nitropropane. 
The reaction of aliphatic thiolates with Z-bromo-Z-nitropropane 
[lb] takes place rapidly at room temperature to give the corresponding 
disulphides in good yield (60-86'1.). When the reactions are performed 
in DMF Z,3-dimethyl-Z,3-dinitrobutane [6] is also a major product. 
For example, the reactions of benzyl thiolate and the sodium salt of N-
acetyl cysteine methyl ester with Z-bromo-Z-nitropropane in DMF give 
the dinitrobutane [6] in yields of 86 and 64% respectively. The reac-
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tion of 2-hydroxyethane thiolate with 2-bromo-2-nitropropane in 
methanol does not give any 2.3-dimethyl-2. 3-dinitrobutane. 
The reactions of phenyl. E-tolyl. and p-chlorophenyl thiolates with 
2-bromo-2-nitropropane also give the corresponding disulphide and the 
dinitrobutane [6]. both in good yield. (See Table 2-2) • 
.2.-Nitrophenyl thiolate reacts with 2-bromo-2-nitroprofane to give 
a different major product. In this case the corresponding a-nitrothio-
ether [4h] is formed (75%. eqn. 2-9). along with some disulphide [5h] 
(141.) and the dinitrobutane [6] (111.). 
MezC(Br)NOz MezC(NOz)S~ > 
OzN 
(2-9) 
The reactions of p-nitrophenyl thiolate and the sodium salt of 2-
mercaptoben"zothiazole with 2-bromo-2-nitropropane give only the cor-
responding a-nitrothioether in 74 and 89% yields respectively. It is 
apparent that the nature of the product varies with the nature of the 
thiolate. Those thiolates derived from thiols with a high pK tend to 
a 
give the corresponding disulphide rather than the substitution product. 
The mechanism by which the" a-nitrothioethers are formed may 
either involve radical or ionic processes. 
SN2 mechanism. 
A direct SN2 substitution at carbon is very unlikely since this 
would involve attack at a tertiary centre (2-10). No authentic examples 
of SN2 substitution at tertiary carbon are known. 
"Me 
RS-~e"'~-Br 
/ 
OzN 
,Me 
RS-C"'Me 
'NOz 
(2-10) 
In addition. one might expect the most nucleophilic thiolates to 
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form a-nitrothioether, but this is not the case. 
Dehydrobromination. 
An alternative ionic mechanism involves dehydrobromination of 2-
bromc-2-nitropropane to give 2-nitropropane (eqn. 2-11). 
(2-ll) 
Addition of thiolate to the double ~ond could then lead to a-nitro-
thioether (eqn. 2-12). 
_~"Me 
RS + .CHz=C 
'NOz 
"Me 
RS-C-Me 
'NOz 
(2-l2) 
A similar reaction has been investigated by Kornblum et a14z who 
found that addition of phenyl thiolate to 2-{~-nitrophenyl) propane gave 
only 2-methyl-2-(~-nitrophenyl) ethyl phenyl thioether (eqn. 2-l3). 
PhS- + CHz=c-Q-' NO z 1_ 
Me 
PhSCHZ~H-o-NOZ 
Me 
(2-13) 
Addition of nucleophiles to nitro olefins normally takes place on 
the j3-position, not the a-position. The addition of thiolates to a, j3-un-
saturated nitriles gives a j3_cyanothioether78 , and a similar reaction 
might be expected on addition of a thiolate to a nitro olefin79 (eqn. 2-14). 
"NOz 
+ CHz=C 
'Me 
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"NOz 
RS-CHz-CH 
'Me 
(2-14) 
A mechanism involving dehydrobromination is unlikely since it 
would result in the formation of a l,2-nitrothioether and not an a-nitro-
thioether. 
SN1 mechanism. 
An SN1 type mechanism is also improbable due to the presence of 
the nitro group. The removal of electron density into the nit)."o group 
results in dissociation to a carbonium ion being very slow (eqn. 2-15). 
The carbonium ion so formed would be very unstable due to the proxi-
mity of two positively charged atoms. 
+ + .... 0 
MezC-N + Br-
~o 
(2-15) 
Deha10 genation-addition. 
The most likely ionic mechanism comprises an abstraction of an 
a-substituent by thio1ate (eqn. 2-16), to give a nitronate anion and a 
MezC-NOz + RSX (2-16) 
su1pheny1 derivative. Further reaction of these two products could 
produce the observed a-nitrothioether (eqn. 2-17). 
-~ f""'I 
MezC-NOz + RS-X (2-17) 
The mechanism has several points in its favour; the intermediates 
are relatively stable, and are known to react to give a-nitrothioether69 • 
It is however inconsistent with the inhibition of the formation of a-
nitrothioethers by radical traps and electron acceptors. 
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SRNl mechanism. 
The use of oxygen, £-dinitrobenzene, and galvinoxyl to investigate 
the reaction of thiolates with a-substituted nitropropanes clearly sho-
wed that the production of a-nitrothioether proceeded entirely via a 
pathway involving radical intermediates. The results are summarised 
in Table 2-3. 
TABLE 2-3. 
The reaction of o-nitrophenyl thiolate with 2-BNP . 
Inhibitor 
None 
Dark reaction 
Galvinoxyl (5 mol %) 
Oxygen 
~-DNB (lOmol %) 
(30mol %) 
. % .Yield of a-nitrothioether 
in four hours. 
75 
41 
37 
o 
36 
o 
It can be seen from the table that the reaction is completely inhi-
bited by passing a stream of oxygen through the reaction mixture. , 
Oxygen is a stable diradical and an efficient scavenger of carbon free 
radicals, including the 2-nitropropyl radica18o • The latter adds to 
oxygen to. form a peroxy radical which ultimately breaks down to ace-
tone and nitrite. Galvinoxyl is also a stable free radical which is 
known to trap carbon radicals very rapidly81. The addition of only 
5 mol % galvinoxyl to the reaction mixture significantly depresses the 
Galvinoxyl 
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synthesis of a-nitrothioether. Only 37% is produced in four hours, 
when, in the absence of the inhibitor, a yield of 75'}". of the a-nitro-
thioether is realised. 
E-Dinitrobenzene [£DNB] forms a relatively stable radical-anion 
and will accept an electron from other radical-anions and electron do-
nors readilylg. It has been used as a diagnostic for the SRNl mecha-
nism because it is able to intercept intermediate radical-anions in the 
free radical,. anion-radical chain sequence and thus inhibit the reaction. 
Addition of 10% £DNB to the reaction of Q-nitrophenyl thio1ate [2h] with 
2-bromo-2-nitropropane halves the yield of a-nitrothioether. Addition 
of 30 mol % £DNB inhibits the reaction completely. ~DNB is clearly 
an efficient inhibitor of the reaction, suggesting that radical-anions 
may be intermediates. Oxygen is also thought to undergo electron 
transfer with radica1-anions41 and may well be inhibiting the reaction 
in a similar manner to l'DNB, as well as by acting as a radical trap. 
Wrapping the reaction flask in aluminium foil to exclude all light 
results in a reduction in the yield of a-nitrothioether of 34%. The 
ability of light to catalyse SRN1 processes has been noted on several 
occasions Ig . 
The results of the inhibitory studies are similar to those observed 
for other reactions known to proceed via the SRN1 mechanismle,g and 
the reaction is accordingly assigned this mechanism (Scheme 2-2). 
The mechanism is a chain process with initiation, propagation, 
and termination steps. The initiation occurs by an electron transfer 
from the thio1ate to 2-bromo-2-nitropropane to give the radical-anion 
of the latter (eqn. 2-18). In the absence of £DNB or molecular oxygen 
the radical-anion breaks down to form the 2-nitropropy1 radical and 
bromide anion (eqn. 2-19). 
Thiolate anions have been shown to transfer electrons to nitro 
aromaticsBZ in dipolar aprotic solvents and tert-butanol, so it can be 
assumed that in the presence of a suitable electron acceptor thiolates 
will undergo one electron oxidation. The participation of thiolate an-
ions in SRNl processes has been described in the introduction. 
The one electro"n reduction of 2-bromo-2-nitropropane has been 
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Initiation 
RS- + BNP 
.e1ectron . 
[BNPr + RS· (2-18) 
transfer 
Propagation 
. 
[BNPr 
. 
MezCNOz + Br- (2-19) 
• 
MezCNOz + RS (2-20) 
. . 
[MezC(SR)NOzr + BNP - [BNPr + MezC(SR)NO z (2-21) 
R = Q-nitropheny1,. BNP = 2-bromo-2-nitropropane 
SCHEME 2-2 • 
. demonstrated by an electrolytic method83' 84, 85, and many other reac-
tions of 2-bromo-2-nitropropane with various anions have been shown 
to proceed via an SRN1 mechanism l • It appears then that the initiation 
step is plausible despite the fact that the radical-anion of 2-bromo-2-
nitropropane has never been detected by ESR65 • The ·2-nitropropy1 ra-
dical (aN =3. 95, a H =19. 6) is obs erved instead, the result of the rapid 
elimination of bromide from the radical-anion. The second step of the 
mechanism (eqn. 2-19) thus has good precedent. 
The third step of the sequence, the coupling of a thio1ate anion 
with 2-nitropropy1 radical (eqn. 2-20) also has evidence to support it. 
The 2-nitropropy1 radical can be trapped by sulphide anion65 to give a 
detectable radical-anion (aN=24.1, a H =0.4) as in eqn. 2-22. 
z-MezCNOz + S (2-22) 
The coupling of the 2-nitropropy1 radical with E-ch1oropheny1 thio-
late has been demonstrated to be an.intermediate step in the reaction 
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of the anion with l-methyl-l-nitroethyl ,E-tolyl sUlphone in DMSO at 
room temperature45 (eqn. 2-23). 
. 
. 
MezC-NOz + -SR [MezC(SR)NOzf (2-23) 
R = ,E-chlorophenyl 
An electron transfer between the radical-anion and a molecule of 
the starting material completes the propagation cycle. Radical-anions 
are known to be able to transfer electrons easily. 
The termination steps of the sequence are not well understood. 
Breakdown of the intermediate 2-nitropropyl radical before it can 
couple with an anion may be one route 'to termination. Alternatively 
the same radical could abstract an hydrogen atom from the solvent to 
form 2-nitropropane, which cannot re-enter the propagation cycle. 
The reaction of the sodium salt of 2-mercaptobenzothiazole with 
2-bromo-2-nitropropane to produce the corresponding a-nitrothioether 
is completely interrupted for a period of four hours under oxygen 
whereas under nitrogen a yield of 89% is obtained. It is likely that the 
reaction involves radical intermediates and by analogy with the reac-
tion of £-nitrophenyl thiolate with 2-bromo-2-nitropropane an SRNl 
mechanism is assigned. 
The salt of 2-mercaptobenzothiazole is, in principle at least, an 
ambident anion as illustrated below (eqn. 2-24). 
cx)=s (2-24) 
The thione form is unlikely to be predominant since its formation 
causes a loss of resonance stabilisation. Nevertheless reaction of the 
salt with 2-bromo-2-nitropropane via the nitrogen anion cannot be ig-
nored. Fortunately the use of UV spectroscopy can elucidate the stru-
cture of the product. The latter has an absorbance maximum at 275 nm, 
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a value which is characteristic of compounds containing the 2-mercap-
tobenzothiazyl moiety. 
Although no mechanistic studies have been made of the reaction of 
p-nitrophenyl thiolate with 2-bromo-2-nitropropane it is assumed to 
proceed by an SRNl mechanism, by analogy with the reactions of .£-nit-
rophenyl thiolate and benzothiazyl 2-thiolate. Under nitrogen at room 
temperature the p-nitrophenyl thiolate reacts to give a good yield (74'10) 
of the corres.ponding a-nitrothioether. 
The mechanism of formation of disulphide. 
The mechanism of the reaction of the thiolates with 2-bromo-2-
nitropropane and 2-iodo-2-nitropropane to give disulphides and 2,3-di-
methyl-2,3-dinitrobutane has proved much more difficult to establish, 
and several approaches to this problem have been employed. 
There are several reaction mechanisms which can superficially 
account for the production of disulphide and 2,3-dimethyl-2,3-dinitro-
butane and these are outlined below. 
Oxidation- reduction by one electron transfer. 
The thiolate anion is readily oxidised by a varietr of organic com-
pounds, espectially nitroaromatics8Z, 86, and other reagents74 to the 
thiyl radical. Nitro substituted compounds are believed to be excellent 
electron acceptors4. 
A mechanism involving an electron transfer from the thiolate to 
the a-substituted nitropropane therefore demands consideration (eqn. 
2-25) • 
RS + MezC(X}NOz [MezC(X}NOzf + RS' (2-25) 
The formation of the radical-anion above is a fundamental part of 
the SRNl mechanism lg and 2-iodo-2-nitropropane and 2-bromo-2-nitro-
propane are known to react with many anions in this way. The thiyl 
radical so formed may dimerise rapidly to the observed disulphide pro-
duct. This combination is reported to be diffusion controlled87 • 
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Subsequent breakdown of the intermediate radical-anion (formed 
in eqn. 2-25) can lead to the formation of the 2-nitropropyl radical and 
a stable anion (eqn. 2-26) • 
. 
[MezC(X)NOzf (2-26) 
The oxi<!ation of 2-bromo-2-nitropropane by electrolysis has been 
investigated84 • 85 and found to involve the three steps below (eqns. 2-27 
to 2~29). 
. 
MezC{Br)NOz + e [MezC{Br)NOzf , (2-27) 
. 
[MezC{Br)NOzr (2-28) 
, . 
MezC-NOz + e , MezC-NOz (2-29) 
In a similar way to eqn. 2-29 an electron transfer between the 2-
nitropropyl radical and thiolate anion could give another thiyl radical 
and 2-nitropropyl anion (eqn. 2-30). Promotion of this reaction could 
result from the formation of the stabilised anion from the unstabilised 
radica188 • 
. 
-' 
MezCNOz + RS RS' + MezCNOz (2-30) 
On the other hand it has been shown that sulphur anions combine 
with the 2-nitropropyl radical to form a radical-anion (eqn. 2-31) •• in-
dicating that an electron transfer is not favoured. 
z- • S + MezCNOz 
. 
[MezC{S-)NOzr (2-3l ) 
aN = 24.1, 
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, ' 
Z,3-Dimethyl-Z,3-dinitrobutane [6] can arise by the known reac-
tion of Z-nitropropyl anion with the a-substituted nitropropane via an 
SRNl mechanism41 ' 47 (eqn. Z-3Z). 
[ 6] (Z-32) 
The reaction of eqn. Z-3Z is possible because by the oxidation-
reduction mechanism one mole of thiolate is oxidised by only one half 
mole of the a- substituted nitropropane. As reactions were carried out 
using equimolar quatities of reactants, a half equivalent of the a-sub-
stituted nitropropane is left over to react with the half equivalent of Z-
nitropropyl anion formed in the electron transfer process of eqn. Z-30. 
The electron transfer mechanism is not able to explain why the 
reaction of £.-nitrophenyl thiolate with Z-iodo-Z-nitropropane and Z-
bromo-Z-nitropropane leads to different products. Some difference in 
rate of reaction might be expected if the breakdown of the intermediate 
radical-anion is rate determining but each reaction should proceed 
through the same intermediate, the Z-nitropropyl radical. There is no 
reason why an electron transfer from £-nitrophenyl thiolate to the Z-
nitropropyl radical should occur in the reaction with Z-iodo-Z-nitro-
propane and an anion to radical coupling occur in the reaction of the 
thiolate with Z- bromo- 2-nitropropane. 
To overcome this problem one can propose that the electron tran-
sfer from the thiolate to Z-bromo-Z-nitropropaneis relatively slow 
while that to Z-iodo-Z-nitropropane is very rapid; so rapid that all the 
thiolate is oxidised to thiyl radicals before the intermediate radical-
anion can break down to. form the Z-nitropropyl radical. Since the 
thiolate and Z-nitropropyl radical are never present at the same time 
'it would be impossible for them to couple. This situation is shown in 
eqn. Z-33. 
The slower electron transfer to Z-bromo-Z-nitropropane can per-
mit the radical-anion to break down while a high concentration of thio-
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late is still present. The 2-nitropropyl radical and thiolate would then 
have a chance to couple. 
. 
[MezC(I)NOzf 
• 
coupling products MezCNOz 
(2-33) 
A considerable amount of evidence exists to suggest that the above 
'explanation is· incorrect. In the first place the formation of 2,3-dime-
thyl-2,3-dinitropropane [6] cannot now be explained, as no2-nitropro-
pyl anion is generated to participate in a concurrent SRNl process to 
form it. The dimerisation of 2-nitropropyl radicals to form the dini-
trobutane [6] is very unlikely (see page 82). In addition other reac-
tions have shown that two equivalents of thiolate can be oxidised by one 
mole of a-substituted nitropropane at the same rate ~s one mole of 
thiolate. This is not possible if a rapid electron transfer to the star-
ting material is the only process operating. 
A similar argument holds for the reaction of E-chlorophenyl thio-
late with 2-iodo-2-nitropropane. This thiolate reacts with a-nitrosul-
phinates by an SRNl mechanism45 to give the corresponding a-nitrosul-
phide in 59% yield (eqn. 2-34). A fundamental part of the.SRNl me-
chanism is the coupling of an anion with the intermediate radical (eqn. 
2-35) 
MezC(NOz)S-( }-Cl 
(2-34) 
. 
[MezC(SR)NOzf (2-35) 
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It is therefore apparent that p-chlorophenyl thiolate will couple 
with the 2-nitropropyl radical rather than participate in electron tran-
sfer. Since two moles of the thiolate may be oxidised by one mole of 
2-iodo-2-nitropropane a simple electron transfer mechanism for pro-
duction of disulphide from this reaction is unlikely to be operating. 
Formation of disulphide via an a-nitrothioether intermediate. 
This mechanism invokes .the intermediacy of an a-nitrothioether 
in the formation of disulphide. The a-nitrothioether may be formed by 
the reaction of the thiolate with 2-iodo-2- nitropropane (eqn.· 2-36). 
MezC(SR}NO z (2-36) 
Such a-nitrothioethers are major products in the reaction of thio-
lates with certain a-substituted nitropropanes. Formation of disul-
phide is achieved by a nucleophilic attack of thiolate on the thioether 
linkage of the. intermediate (eqn. 2-37). 
MezCNO z + RSSR (2-37) 
SR 
The reaction of eqn. 2-37 has been observed and is discussed in 
detail in Section 3. The formation of 2,3-dimethyl-2,3-dinitrobutane 
[6] can be explained by reaction of the 2-nitropropyl anion with 2-iodo-
2-nitropropane or the a-nitrothioether. 
This mechanism is unlikely because it is again unable to explain 
why 2-nitrophenyl thiolate reacts with 2-iodo-2-nitropropane to give 
disulphide and with 2-bromo-2-nitropropane to give a-nitrothioether. 
Clearly if the a-nitrothioether is an intermediate which reacts readily 
with thiolate anion then disulphide would be the only expected product 
from both reactions. 
Moreover the formation of disulphide is a much more rapid pro-
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cess than the production of <l!-nitrothioether. The addition of 2-iodo-
2-nitropropane to a solution of g-nitrophenyl thiolate in DMF results 
immediately in loss of the colour due'to the anion. The reaction of 
the same thiolate and 2-bromo-2-nitropropane to give the correspon-
ding <l!-nitrothioether is complete only after five hours. Obviously this 
is incompatible with the postulate that the <l!-nitrothioether is an inter-
mediate in the formation of disulphide. 
Abstraction of <l!-substituent by thiolate. 
The presence of the nitro.group renders the <l!-substituent rela-
tively positive by reducing the electron density surrounding it. In 
the case of 2-iodo-2-nitropropane, for example, the halogen atom is 
activated to attack by nuc1eophiles. TJte thiolate anion is a strong nu-
cleophile and should be able to participate in such an abstraction (eqn. 
2-38) . 
MezCNOz + RSI (2-38) 
The 2-nitropropane anion is stabilised by delocalisation of the 
charge through the TT -system of the nitro group. Sulphenyl iodides 
have rarely been isolated, and react rapidly with nuc1eophiles to lose 
iodide89 • Thiolate anions are known to react rapidly with sulphenyl 
halides to give disulphide. The reaction of thiolate with the sulphenyl 
iodide formed in eqn. 2-38 is therefore plausible and the result would 
be the formation of one mole of disulphide from one mole of thiolate 
and one half mole of <l!- substituted nitropropane. This stoichiometry 
. has been observed for the reaction of thiolates with 2-bromo-2-nitro-
propane to form disulphide. 
RS-~R (2-39) 
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The abstraction mechanism is able to explain the leaving group 
effect which is observed in the reaction of a given thiolate with er-sub-
stituted nitropropanes. The relative ease of abstraction should follow 
the order I >Br >Cl >NOz >SOzPh with the rate of reaction declining ra-
pidly down the series. 
The rate of reaction of abstraction decreases more rapidly than 
the competitive SRNl reaction and therefore at some point kab~' kSRNl. 
Furthermor~ the most nucleophilic thiolates tend to give the disulphide 
since the abstraction reaction takes place more readily. Benzyl thio-
late, for example, gives disulphide on reaction with 2-nitropropanes 
er-substituted with halogen, nitro, or sulphinyl groups, while the less 
nucleophilic Q-nitrophenyl thiolate gives substantial amounts of disul-
phide only on reaction with 2-iodo-2-nl.tropropane. 
An excellent analogy to this situation is the reaction of anions with 
the er-substituted E,-nitrobenzylslg. In this system there is a compe-
tition between an SN2 reaction at carbon (eqn. 2-40) and an SRNl reac-
tion (eqn. 2-'41). As the er-leaving group becomes more difficult to 
(2-40) 
Me 
I Q CHz-C-Me - SRNl oJo, + MezCNOz (2-4l) 
NOz . NOz 
displace the SRNl mechanism becomes predominant. In a similar way 
as abstraction becomes more difficult in the er-substituted nitropro-
panes the SRNl mechanism begins to predominate. 
2,3-Dimethyl-2,3-dinitrobutane can be formed, in equal amounts 
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to the disulphide,by reaction of the 2-nitropropyl anion formed in eqn. 
2-38 with the half mole of 2-iodo-2-nitropropane. 
Other mechanisms 
The initial formation of an a-nitrothioether radical-anion by the 
combination of a thiolate anion with a 2-nitropropyl radical (as in the 
SRNl mechanis~ for formation of a-nitrothioether), followed by break-
down to give .the thiyl radical and 2-nitropropyl anion could lead to for-
mation of disulphide (eqn. 2-42). Essentially this route does not differ 
from an electron-transfer route. Again there is no reason why the a-
substituent should alter the reaction product obtained when a given 
thiolate is reacted with a series of a-substituted nitropropanes. 
RS + /-NOz RS' + rNOz- (2-42) 
The reaction of thiolates with 2,3-dimethyl-2,3-dinitrobutane in 
HMPA under irradiation has been reported to yield the corresponding 
olefin and disulphides in good yield. The reaction was repeated in 
DMF under two 15 w fluorescent lamps at room temperature (standard 
conditions) but in no case was any significant reaction noted. 
Inhibition and radical trapping in the reaction of thiolates with 2-
bromo-2-nitropropane to form disulphide. 
Considerable efforts have been made to trap intermediate radicals 
in the reaction of thiolates with 2-bromo-2-nitropropane to form di-
sulphide. Norbornadiene, styrene, galvinoxyl, and oxygen have all 
been used unsuccessfully to inhibit the reaction and/or trap interme-
diate radicals. 
Norbornadiene has been used to trap intermediate thiyl radicals90 
(eqn. 2-43). The diene is unable to polymerise and the observed pro-
duct is the high boiling thioether resulting from addition of a thiyl ra-
dical to one of the olefin bonds. 
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When the reaction of phenyl thiolate with 2-bromo-2-nitropropane 
is performed in the presence of one equivalent of norbornadiene the 
only product is diphenyl disulphide, isolated in good yield (86%). It is 
apparent that if the thiyl radical is formed it must dimerise far more 
rapidly than it adds to the olefin. Dimerisation of thiyl radicals is re-
ported to be diffusion controlled87, but addition to olefins must also be 
rapid if Cristol9o obtained mixtures of thioethers in yields of ca. 80%, 
resulting frotrl 1,2-addition and homoconjugative addition (eqn. 2-43) of 
thiyl radicals to the diene from the reaction of thiols under free radi-
cal conditions with norbornadiene • 
(2-43) 
Clearly in the reaction of thiolate with 2-halo-2-nitropropane in 
the presence of an excess of the diene one might expect, if a radical 
mechanism is occurring, to observe addition of the thiyl radicals to 
the olefinic bonds. However no suitable hydrogen donor, such as a 
thiol, is present, and therefore one might not necessarily expect to 
isolate the same products as Cristo!. It is still clear that the pre-
sence of the diene should at least reduce the yield of disulphide if the 
latter is formed by a radical process, even if adducts of the thiyl ra-
dical and norbornadiene cannot be isolated. 
other products (2-44) 
The reaction of thiolates and olefins in the presence of oxygen is a 
well known91, extensively studied,reaction which gives thioethers as 
products via thiyl radicals. It is likely that if radicals were formed in 
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the reaction of phenyl thiolate with 2-bromo-2-nitropropane then they 
would be trapped by the norbornadiene, but in no case were products 
resulting from the addition of thiyl radicals to norbornadiene detected. 
No 2,3-dimethyl-2,3-dinitrobutane was formed in the above reac-
tion. This is presumably due to trapping of the radicals which are in-
termediates in its formation by norbornadiene. 
While the;;'bove work was being carried out a paper appeared9Z 
describing t~e use of styrene to detect small concentrations of thiyl 
radicals during the reactions of thiolates with a-halobenzyls 
(Scheme 2-3). 
. 
fphCHzXr + PhS· 
. 
PhCHz + X-
. 
PhCHz + PhS [PhCHzSPhr 
• . 
l:PhCHzSPhr + PhCHzX [PhCHzXr + PhCHzSPh 
PhS· + PhCH=CHz polystyrene 
SCHEME 2-3. 
The reactions were carried out in styrene as solvent, and the 
weight of polystyrene isolated from each reaction was related by the 
authors to the number of radicals present. 
Much greater numbers of radicals might be expected from a non-
chain radical process to form disulphide from thiolates and· 2-bromo-
2-nitropropane than for the chain process that Flesia et al9Z studied. 
Therefore a considerable yield of polystyrene would be anticipated if 
a radical process was indeed occurring. 
The reactions of various thiolates with 2-bromo-2-nitropropane 
were carried out in carefully de stabilised styrene under conditions 
identical to those quoted in reI. 92, but in no case was the yield of 
polystyrene obtained significantly greater than that obtained in blank 
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experiments (see Table 2-4). 
TABLE 2-4. 
Thiolate Reactant Yield of poly-
styrene g. 
Phenyl 0.09, 0.01, 0.05 
2BNP 0.14, 0.11 
Phenyl 2BNP 0.20, 0.28 
Phenyl 2CNP 0.18 
Tolyl pDNB 0.19 
Tolyl 2BNP 0.26 
2-Nitropropanide 2BNP 0.05, 0.06 
This is in sharp contrast to the results of E.Flesia et al9Z, who 
obtained yields of about 7 g. of polystyrene using the same molar 
amounts of reactants as used in the experiments above. Moreover 
they believed their reaction to involve only small numbers of radical 
intermediates. 
The results obtained are fairly reproducible. Thus the reaction 
of phenyl thiolate with styrene led to yields of less than 100 mg. in all 
cases, while the reaction of 2-bromo-2-nitropropane with styrene gave 
a slightly higher yield of polystyrene (120 mg.). This increased yield 
may be due to the spontaneous homolytic cleavage of the weakened 
carbon-bromine bond. The reaction of E-tolyl thiolate and phenyl thio-
late with 2-bromo-2-nitropropane in styrene under nitrogen resulted 
in a yield of ca. 2S0mg. of polystyrene. This is not a significantly 
higher figure than the yields of polystyrene obta,ined in the two blank 
experiments. 
Some reaction between 2-bromo-2-nitropropane did seem to occur 
since the salt dissolved fairly rapidly, in contrast to the blank where 
the thiolate was still evident at the end of the reaction. Disulphide 
was also isolated from the work up of one of the reactions of phenyl 
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thiolate with 2-bromo-2-nitropropane in styrene in fair' yield (50'}".) but 
the meaning of this result is open to doubt since in the work up proce-
.dure the thiolate and 2-bromo-2-nitropropane have the opportunity to 
react in ethanol. Reaction in the latter solvent is very rapid. How-
ever the indication is that the thiolate anion is oxidised to the disul-
phide in polystyrene without causing polymerisation. 
Unfortunately no suitable reaction could be found to prove that 
polystyrene would be formed if a radical reaction did occur under the 
conditions of the above experiments. The reaction of thiolate with ,E-
dinitrobenzene, 2-nitropropionate with 2-bromo-2-nitropropane, and 
of 2-chloro-2-nitropropane with phenyl thiolate yielded only small 
amounts of polystyrene. The failure of E-DNB and phenyl thiolate to 
cause polymerisation may be due to la'ek of reaction. 
The results can only be taken as being inconclusive in the absence 
of a suitable standard experiment but indicate that a radical reaction 
is unlikely. 
Attempfs to use galvinoxyl as a radical trap for thiyl radicals 
proved to be unsuccessful. Good yields of disulphide were obtained 
(54, 71%) when E-chlorophenyl thiolate was reacted with 2-bromo-2-
nitropropane in the presence of up to one equivalent of the radical trap. 
A blank experiment in which only galvinoxyl and ,E-chlorophenyl thio-
late were reacted gave a similar yield (74'}".) of disulphide. 
Since all these experiments were conducted under nitrogen the in-
escapable conclusion is that galvinoxyl is itself able to oxidise thiolate 
anion to disulphide. This may occur by an electron trarisfer from the 
thiolate to galvinoxyl followed by rapid dimerisation of thiyl radicals. 
Galvinoxyl is known to undergo electron transfer with other species93 
so that this result, although surprising, has some precedent. 
Galvinoxyl is thus unsuitable for use as a radical scavenger in the 
reaction of thiolates with 2-bromo-2-nitropropane and the results ob-
tained shed no light on the nature of the reaction between them. 
The oxidation of two equivalents of thiolate anion by 2-promo-2-
nitropropane via an electron transfer process requires that one equi-
valent of thiolate should be oxidised by a 2-nitropropyl radical (eqn. 
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2-45) • 
electron 
. 
MezC-NO z + RS· RSSR 
transfer 
(2-45) 
If the reaction is conducted under oxygen the 2-nitropropyl radical 
should be trapped67 and the yield of disulphide should be reduced com-
pared to a reaction conducted under nitrogen (i. e. to 50% of normal) • 
If the reaction is ionic conducting the reaction of two equivalents of 
thiolate with 2-bromo-2-nitropropane under oxygen should not affect 
the yield of disulphide. Although oxygen is able to oxidise thiolates to 
disulphide the reaction is very slow under these conditions as shown 
by blank experiments. With this in mind a series of reactions between 
E-tolyl thiolate and 2-bromo-2-nitropropane were carried out and the 
products carefully separated by tic (Sigel/pet. ether 40- 60°). The re-
sults are summarised in Table 2-5. These clearly show that the yield 
is independent of the atmosphere in which the reaction is carried out. 
The crude yields were good, as analysed by NMR, and the low isolated 
yields are believed to result from loss of material in separation. The 
insensitivity of the reaction to oxygen suggests strongly that this is not 
a radical reaction, and points towards the abstraction mechanism 
(eqns. 2-38, 2-39). 
TABLE 2-5. 
Thiolate (equiv.) Atmosphere Yield % disulphide 
Tolyl(2) Nz 
Oz 
Tolyl (10) Nz 
Oz 
Phenyl Nz 
Oz 
a 28% 2,3-dimethyl-2,3-dinitrobutane also isolated. 
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48a 
48 
44 
37 
33 
37 
Finally an attempt has been made to measure the rate of the reac-
tions of 2-bromo-2-nitropropane and l-bromo-l,l-dinitroethane with 
phenyl thiolate (eqns. 2-46, 2-47) in methanol under nitrogen by re-
moving aliquots at intervals and analysing the samples by glc. The 
solvent was chosen in the hope that it might slow the reactions suffi-
ciently to allow enough analyses to be performed to give a meaningful 
result. 
(PhSh + other products (2-46) . 
.. 
(PhSh + MeC(NOz) i (2-47) 
It was thought that an experiment of this type would provide some 
information on the mechanism since l-bromo-l,l-dinitroethane would 
be expected to undergo an abstraction reaction faster than 2-bromo-2-
. nitropropane, the bromine atom of the former being activated by the 
presence of two nitro groups, while the latter's halogen is activated by 
. only one nitro group. On the other hand if an SRNI reaction is assu-
med to take place then the reaction rates should not be very different. 
The reaction of phenyl thiolate with both 2-bromo-2-nitropropane 
and l-bromo-l,l-dinitroethane was found to be very rapid, being com-
plete in minutes and making measurement of rates by glc impossible. 
Excellent yields of diphenyl disulphide (> 90% by glc) were realised in 
each case. No 2,3-dimethyl-2,3-dinitrobutane or 2,2,3,3-tetranitro-
butane were found as products. In fact the characteristic yellow co-· 
lour of the salt of l,l-dinitroethane was formed instantly in the reaction 
of 1-bromo-l,l-dinitrobutane with phenyl thiolate, and subsequent ana-
lysis by UV spectroscopy indicated an 89% yield of the salt. A s.imilar 
yield of 2-nitropropyl anion (96%) was observed in the reaction of phe-
nyl thiolate with 2-bromo-2-nitropropane. A transient peak was ob-
served in the glc trace of aliquots from the latter reaction, but no fur-
ther identification of the substance responsible was attempted. 
The tardy nature of SRNI reactions and electron transfers8z in me-
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thanol suggests that the above reactions are unlikely to be radical in 
nature. An abstraction-substitution sequence (eqns .,' 2-38, 2-39) is 
therefore likely. 
Abstraction of bromine from N-bromosuccinimide by thiol has 
been previously reported to give sUlphenyl bromide94 • The succini-
mide is a good source of positive bromine but this reaction does at 
least demonstrate the feasibility of a halogen abstraction. It should 
also be borne in mind that the thiolate anion must be a stronger nuc1eo-
phile than the neutral thiol, and that it will therefore be more capable 
of halogen abstraction. 
One pertinent point here concerns the reaction of the sodium salt 
of dibenzyl phosphine oxide with 2-bromo-2-nitropropane in methanol. 
The reaction was an attempt to introduce a phosphorus group a- to the 
nitro group. Bunnett has used phosphorus anions in many SRNl dis-
placements in aromatic systems. 
In fact the reaction took an entirely different course, giving a pro-
duct whose formation is adequately explained by invoking a bromine 
abstraction from 2-bromo-2-nitropropane as a first step (eqn. 2-48a). 
Me, /NOz 
C 
/\,.' --Me Br'" :. (' ) P Bz z 
, " o 
MezC-NOz + Br-P(Bz)z (2-48a) 
" o 
Substitution of the bromine by methoxide leads to the observed' 
product (eqn. 2-48b). 
Br-P(Bz)z + -OMe 
11 
o 
MeOP(Bz)z .+ Br 
" o 
(2-48b) 
This result lends some support to an abstraction mechanism when 
the thiolate anion is employed as nuc1eophile. 
No sulphenyl bromide has ever been isolated from the reactions of 
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2-bromo-2-nitropropane with thiolate anions presumably because the 
reaction Of thiolate. with sulphenyl bromide is so rapid89 • The reaction 
of eqn. 2-39 is therefore much faster than the initial halide abstraction 
(eqn. 2-38). 
The above evidence, taken part by part, is inconclusive, but as a 
whole represents considerable circumstantial evidence in favour of an 
ionic mechanism for the formation of disulphide from the reaction of 
thiolates wit~ 2-bromo-2-nitropropane and, by inference, with a-subs-
tituted nitro compounds in general. In no case has a radical interme-
diate been trapped nor is there any evidence of participation by any ra-
dical intermediates. Moreover an ionic abstraction-substitution me-
chanism can explain all the observed results, whereas an electron tra-
nsfer mechanism cannot. 
If it is assumed that amongst the thiolates the order of nucleophi-
licity is aliphatic) aromatic (electron donating subst.» aromatic (elec-
tron withdrawing subst.) and an order of ease of abstraction I> Br >Gl 
>NOz )SOzPh is followed, then formation of disulphide and a-nitrothio-
ethers by various combinations of thiolates and a-substituted nitropro-
panes is easily explained. 
The most nucleophilic thiolates e. g. benzyl thiolate are able to 
abstract all the groups easily to give disulphide in every case, but a 
weaker nucleophile, e. g. £-nitrophenyl thiolate, is unable to abstract 
so readily and only gives disulphide as the only product when reacted 
with 2-iodo-2-nitropropane. As the nucleophilicity of the thiolate de-
creases the SRNl mechanism becomes predominant and the 
thioether becomes a major product. 
a-nitro-
In a similar way those a-substituted nitropropanes with easily ab-
stracted groups tend to give disulphide while those with a less easily 
abstracted group (e. g. NO z) give thioether. 
We are observing here a competition between an ionic mechanism 
leading to disulphide and an SRNl proces s leading to a-nitrothioether. 
The ultimate products depend on the nature of the a-substituent and the 
nucleophilicity and electron donating ability of the thiolate. 
A radical electron transfer mechanism for the production of disul-
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phide is wholly inadequate. It cannot explain the change over in pro-
ducts obs erved in the reaction of ,E-chlorophenyl thiolate or ~-nitro­
phenyl thiolate with a-substituted nitro compounds. No substituent ef-
fect, apart from rate change, would be expected for an electron trans-
fer reaction. 
Formation of 2,3-dimethyl-2,3-dinitrobutane. 
The formation of 2,3-dimethyl-2,3-dinitrobutane, which accompa-
nies the formation of disulphide, is halted by radical scavengers (Gal-
vinoxyl, oxygen) and electron acceptors. A radical process is there-
fore likely for its formation. It is significant that the yield of 2,3-di-
methyl-2,3-dinitrobutane is much diminished in reactions involving a-
nitropropanes known to be reluctant to· participate in SRNlprocesses, 
and also when reactions are conducted in methanol. 
The SRNl reaction of the 2-nitropropyl anion with a-substituted 
nitro compounds is well knownlg and the reaction sequence mimics that 
observed in these reactions .. The production of 2,3-dimethyl-2,3-di-
nitrobutane is therefore assigned an SRNl mechanism. 
The reaction of thiolates with 2-chloro-2-nitropropane. 
Generally the reaction of 2-chloro-2-nitropropane with thiolates is 
similar to the reaction of thiolates with 2-bromo-2-nitropropane. 
There is, however, a greater tendency to form a-nitrothioether in 
preference to disulphide. For the reasons given in the preceding dis-
cussion it is difficult to imagine how the substitution of chlorine for 
bromine can affect both the rate and product with a given thiolate, if a 
radical mechanism is operating for the oxidation of thiolatel! to disul-
phide. No inhibitory studies have been carried out, but the general 
trend of the reactions suggests that like 2-bromo-2-nitropropane, 2-
chloro-2-nitropropane is susceptible to halogen abstraction by the 
more nucleophilic thiolates, such as benzyl and phenyl thiolates while 
weaker nucleophiles, such as .,E-chlorophenyl and ~-nitrophenyl thio-
lates give mixtures of disulphide and a-nitrothioether. These presu-
mably arise via ionic and radical mechanisms respectively. The re-
action of the latter thiolates is rather slow. 2-Chloro-2-nitropropane 
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• 
is known to undergo SRNl reactions considerably more slowly than 2-
bromo-2-nitropropane45 • 
Reaction of thiolates with 2,2-dinitropropane. 
The reaction of thiolates with 2,2-dinitropropane may, at first 
sight, seem different in character to that of thiolates with a-halonitro-
propanes. 2,2-Dinitropropane contains no a-halo substituent which is 
susceptible to abstraction, and production of a-nitrothioether does 
predominate "in the reaction of thiolates with this compound. Only ben-
zyl and phenyl thiolates give the corresponding disulphides on reaction 
with 2,2-dinitropropane. The mechanism of these two reactions may 
well have much in common with the formation of disulphide from thio-
lates and a-halonitropropanes. The nitro group is highly positive at 
the nitrogen and is, therefore, susceptible to abstraction by a strong 
nucleophile. Thionitrates are unusual intermediates but have recently 
been isolat~d by S. Oae et a195 • These authors showed that the thioni-
trate is highly reactive and will. react rapidly with nucleophiles 
Thiolates could react rapidly to give disulphide and nitrite. 
The abstraction of a positive nitro group has been proposed in 
the reaction of base with l,l,l-trinitroethane67 • Nucleophilic attack on 
the nitro group is thus a distinct possibility. 
The observed results tend to support the view that disulphide for-
mation on reaction of thiolates with 2,2-dinitropropane is the result of 
an ionic process. As noted before only the most nucleophilic thiolates 
form disulphide. The reaction of phenyl thiolate with 2,2-dinitropro-
pane gives 92% of diphenyl disulphide in sixteen hours while the less 
nucleophilic p-chlorophenyl and o-nitrophenyl thiolates give almost ex-
- -
clusively a-nitrothioether. The formation of the latter is likely to be 
an SRNI process since the reaction of E-chloropp.enyl thiolate with 2,2-
dinitropropane is completely halted if the customary nitrogen atmos-
phere is replaced by oxygen. 
The yield of 2,3-dimethyl-2,3-dinitrobutane accompanying the for-
mation of disulphide is rather low and this may indicate that this pro-
duct is formed via an SRNI mechanism, since the reaction of 2,2-di-
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nitropropane with the 2-nitropropyl anion is known to be fairly slow54 '55. 
The fact that the sulphenylnitro intermediate has not been isolated 
does not invalidate the proposed ionic mechanism, it merely suggests 
that the reaction of thiolate with the intermediate is faster than the 
primary attack on 2,2-dinitropropane to form it95 • 
RS-NOz RSSR + NOz 
(2-49) 
The reaction of thiolates with a-nitrosulphones. 
a-Nitrosulphones and their reactions have previously been descri-
bed by Kornblum et al45 ' 55. These compounds undergo substitution re-
actions with a variety of nuc1eophiles by an SRNl mechanism. The re-
action with p-chlorophenyl thiolate is reported to be of this type (eqn. 
2-50), but it has been difficult to reproduce the published results. No 
other thiolate reacts with the a-nitrosulphon':l to give a-nitrothioether. 
p-Nitrophenyl thiolate and £-tolyl thiolate do not react for a period of 
at least 24 hours, while benzyl and phenyl thiolates react to give the 
corresponding disulphides. 
,- ro • 
Me 5-0' Cl 
...... '" C -
Me'" ...... NO z 
(2-50) 
It will be seen from Table 2-2 that considerable amounts of star-
ting material are left in the latter reactions. In particular in the re-
action of benzyl thiolate with the a-nitrosulphone, although a fair yield 
of disulphide (58%) is realised, 54% of the starting material is reco-
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vered. 
An ionic mechanism is again possible, with attack by the thiolate 
anion on the sulphur of the sulphone to yield a thiolsulphone. The lat-
ter may then react with a second molecule of thiolate to give the obse-
rved disulphide. 
An alternative explanation is an electron transfer to the substrate 
from the thiolate to the sulphone to form a thiyl radical and t~e sul-
phone radical-anion (eqn. 2-51). 
Me, "SOzPh 
RS + C 
Me" 'NOz 
(2-51) 
Rapid dimerisation of the radicals leads to disulphide. The radi-
cal-anion may break down to form the 2-nitropropyl radical and sul-
phinate anio~45. 
At present it is impossible to say if either of the above is the cor-
rect mechanism for the oxidation of phenyl and benzyl thiolates by the 
a-nitrosulphone, but it is perhaps significant that the, reaction here is 
.very slow, in contrast to the oxidations accomplished with the a-halo-
nitropropanes. 
The reaction of thiolates with tert-nitrobutane. 
The abstraction of the nitro group from tert-nitrobutane is very 
unlikely since it leads to the formation of a very unstable anion (eqn. 
2-52) . 
(2-52) 
tert-Nitrobutane does possess a nitro group and therefore should 
be able to act as a one electron acceptor to an electron from a suitable 
donor, for example, thiolate. Inasmuch as the ionic abstraction me-
chanism is precluded in this case the formation of disulphide indicates 
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that a radical, i. e. an electron transfer mechanism is probably opera-
ting. 
Phenyl, E-chlorophenyl, and benzyl thiolates all reacted with one 
equivalent of tert-nitrobutane to give some disulphide, but the reac-
tions were slow, especially in DMF. 
Phenyl thiolate gave only a 51'1. yield of diphenyl disulphide after 
24 hours reaction with tert-nitrobutane in DMF, and 20% of the star-
ting material was recovered. In a similar way p-chlorophenyl thiolate 
. -
reacted with tert-nitrobutane for 24 hours in DMF to give only 34% of 
di-{£-chlorophenyl} disulphide. No organic products resulting from 
tert-nitrobutane breakdown were detected in either experiment., 
RSSR {2-53} 
R = phenyl, p-chlorophenyl, benzyl 
The reaction of benzyl thiolate with one equivalent of tert-nitrobu-
tane was performed in HMPA. It was hoped that this solvent would in-
crease the reaction rate. Indeed a faster, cleaner reaction does occur 
in HMPA and after 24 hours a 77% yield of dibenzyl disulphide can be 
isolated. No starting material was recovered. 
A possible mechanism for these reactions is an electron transfer 
from the thiolate to the tert~nitrobutane to form the thiyl radical and 
tert-nitrobutane radical-anion. The radicals so formed may then di-
merise rapidly to give the observed product. The fate of the nitrobu-
tane radical-anion is less certain. The formation of the stabilised ra-
dical formed by ejection of nitrite seems a likely possibility {eqn. 
2-54}. This proposal is supported by the work of Hoffman et a196 who 
reduced tert-nitrobutane to its radical-anion electrolytically and with 
sodium in diglyme. The radical-anion was detected by ESR spectro-
scopy and its lifetime estimated to be 0.1-1 second at room tempera-
ture. 
Hoffman et al proposed the breakdown of tert-nitrobutane radical-
anion to nitrite and the tert-butyl radical to explain their results. The 
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fate of the radical in dipolar aprotic solvent is open to speculation. 
Me I _ 
Me-C-NOz I 
Me 
NOz- + 
Me 
I 
Me-C· 
I 
Me 
{2-54} 
Dimerisation to 2,2,3,3-tetramethylbutane is possible, though a (3-
elimination would seem to be most likely {eqn. 2-55}. 
Me 
I 
Me-C) 
(I 
,!;CHz 
"Me 
H· + CHz=C 
'Me 
{2-55} 
The formation of 2-methylpropene in this way could explain why 
. no products from the tert-nitrobutane were observed since the low 
boiling olefin would be lost in the nitrogen flow during the reaction and 
in the work-up. 
Further work is required to characterise the products derived 
from the tert-nitrobutane, but the results indicate that an electron 
transfer process for disulphide production is possible. It should be 
noted however that the reactions carried out in DMF are very slow, gi-
ving low yields of disulphide, in sharp contrast to the rapid formation 
of disulphide observed on reaction of thiolates with the other a-subs-
tituted nitropropanes studied. It is likely that a different mechanism 
is operating in these cases. 
The reactiqn of thiolates with 2-nitro-2-{p-nitrophenylazo) propane. 
Both the azo and nitro groups are known to ~nhance electron ac-
cepting ability4. A molecule such as 2-nitro-2-~-nitrophenylazo} 
propane should therefore be an excellent electron acceptor, and form 
a radical-anion fairly readily. The breakdown of the radical-anion 
will be less favoured since the only leaving group is nitrite. As a rule 
SRNI reactions involving the ejection of nitrite from an intermediate 
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radical-anion are slower than those involving the ejection of some 
other leaving groups86. The reaction of this azo compound with 2-nit-
ropropyl anion has been investigatedS4 and found to give as products 
2,3-dimethyl-2,3-dinitrobutane and acetone £-nitrophenyl hydrazone in 
equivalent amounts. A double one electron transfer mechanism was 
proposed (Scheme 2-4). 
Electron transfer reactions involving this compound are clearly a 
pos sibility a~d its reduction seems to be favoured since 2-nitropropyl 
anion, which normally prefers to add to radicals opts to 'undergo elec-
tron transfer in this case. 
+ 
. 
[E-O zNCJ-I4N =NCMezNOzr 
. 
• 
[,P-OzNC6H4N=NCMezNOzr NOz - + ,P-OzNCJ-I4N=NCMez 
+ 
. 
. 
MezCNOz + MezC-NOz [OzNCMezCMezNOzr 
SCHEME 2-4. 
The above results were confirmed; the reaction of two equivalents 
of 2-nitropropyl anion with the azo compound giving a moderate yield 
(41%) of 2,3-dimethyl-2,3-dinitrobutane and a slightly lower yield (36'10 ) 
of acetone ,P-nitrophenyl hydrazone. 
The reaction of benzyl thiolate with the azo compound follows a si-
milar path. A fair yield (44%) of dibenzyl disulphide was realised alo-
ng with the hydrazone (20'10). A mechanism similar to the scheme 
above is likely. 
Phenyl, p-chlorophenyl, and o-nitrophenyl thiolates, after long 
- -
- 68 -
reactions with the azo compound, gave mixtures of the corresponding 
disu1phides, acetone p-nitropheny1 hydrazone and the substitution pro-
ducts (eqn. 2-56) in yields of 54, 25, and 16% respectively. In the last 
case 87% of the starting material was recovered. 
R = phenyl, E-ch1orophenyl, ~-nitropheny1 
(2-56) 
No inhibitions of these reactions were attempted but it seems like-
ly that the substitution reaction occurs, by an SRNl mechanism in view 
of the steric exclusion of an SN2 mechanism, and of the propensity of 
the substrate to accept electrons (Scheme 2- 5). 
. 
AZO + RS- RS' + [AZOr 
MO,C-*N-{ ro, ' RS- [MO'r~N'N-{ )-Nol 
[Mo'r~N'VNPl ' AZO • [AZOr + product 
AZO = MezC-N=NO' " NOz 
I -
NOz 
R = phenyl, £-chlorophenyl, 2-nitrophenyl 
SCHEME 2-5. 
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The production of disulphide may be due to an ionic or radical me-
chanism. Both routes have points in their favour. An ionic route in-
volving abstraction of the nitro group gives rise to a stable anion (eqn. 
2-57) and the required intermediate thionitrate, which may react with 
further thiolate to give disulphide (eqn. 2-58). 
Me, ",N=N.~NOz 
C ~- + -SR 
Me'" 'NOz 
Me'C_N=NO' NOz /-Me -
+ RSNOz 
(2-57) 
(2-58) 
On the other hand an electron transfer mechanism is especially 
favoured in this case due to the presence of the nitro, azo, and nitro-
aryl groups present in the substrate. Further information is required 
before a choice can be made between these two, mechanisms. 
One further point of interest is that some of the thiolates form the 
addition compound while the 2-nitrc:ipropyl anion undergoes electron 
transfer in similar circumstances; This indicates either a steric ef-
fect with the 2-nitropropyl anion being unable to approach the radical 
of the azo compound so as to be able to couple with it, or it may indi-
cate that thiolate radicals prefer to couple with carbon radicals rather 
than to undergo electron transfer. The mixtures of products observed 
in most cases are due t~ competition between an SRNl mechanism and 
an oxidation-reduction, or ionic mechanism. 
General conclusions. 
The products resulting from the reaction of a thiolate with an a-
substituted nitropropane dep,end. on the following factors 
a) the nucleophilicity of the thiolate , 
b) the electron donating ability of the thiolate 
c) the nature of the a- substituent. 
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; 
Highly nucleophilic thiolates are more likely to form the corres-
ponding disulphide on reaction with an a-substituted nitroparaifin. 
Inhibition studies suggest that substitution products arise in all 
cases studied by an SRNl mechanism (Scheme 2-6). 
electron . 
RS· + [MezC(X)NOzf 
transfer 
. 
[MezC(X)NOzf 
. 
[MezC(SR)NOzf 
. 
[MezC(SR)NOzf + MezC(X)NOz MezC(SR)NOz 
+ 
. 
[MezC(X)NOzf 
SCHEME 2-6. 
An accumulation of indirect evidence suggests that disulphide for-
mation in the reaction of thiolates with a-substituted nitropropanes is 
the result of an ionic abstraction-substitution mechanism when an a-
substituent susceptible to abstraction by thiolate is present (Scheme 
2-7). In the absence of such a substituent it is possible that an elec-· 
tron transfer mechanism is responsible for the synthesis of disulphide 
(Scheme 2-8). 
RSX + MezC-NOz 
RSX + RS RSSR + X 
SCHEME 2-7. 
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, 
[MezC(X)NOzf + RS' 
, 
[MezC(X)NOzf 
2 RS' RSSR 
SCHEME 2-8, 
In addition it is probable that the formation of 2,3-dimethyl-2,3-
dinitrobutane, in reactions in which disulphide is formed, results .. 
from the SRNl reaction of 2-nitroprop~nideanion with a-substituted 
nitropropanes, 
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DISCUSSION Part.2. 
a-Nitrothioethers, synthesis and 
reactions. 
The formation of a-nitrothioethers by the reaction of a-substituted 
nitropropanes with thiolate anions has been described in the first part 
of the discussion. The possibility that the a-nitrothioethers were in-
termediates in the formation of other products, e.g. 2,3-dimethyl-
2,3-dinitrobuta~e and disulphide, in the reaction of thiolates with a-
substituted nitropropanes, stimulated an interest in the reactions of a-
nitrothioethers with anions. In particular the reaction of a-nitrothio-
ethers with 2-nitropropan-2-ide might be expected to produce 2,3-di-
methyl-2.3-dinitrobutane, while the reaction with thiolates might give 
rise to disulphide. 
The reactions of a-nitrothioethers were also of interest in their 
own right since they might proceed via the novel SRNI mechanism. 
Synthesis. 
The a-nitrothioethers used in the study were obtained by three 
methods. 
·a) The reaction of the sodium salt of 2-nitropropane with symmetrical 
aromatic disulphides97, which is described fully in the final part of this 
discussion. 
ArSSAr + MezC=NOz- ArSCMezNOz + ArS . (2-59) 
Ar = Q-nitrophenyl, R-nitrophenyl, p-chlorophenyl 
b) The reaction of the sodi.um salts of thiophenols with 2-bromo-2-
nitropropane, which has already been described in detail. 
MezC(SAr)NOz + Br - (2-60) 
Ar = 2-nitrophenyl, Il.-nitrophenyl, 2-benzothiazolyl 
c) The reaction of Q,R-dinitrophenyl sulphenyl chloride with the so-
dium salt of 2-nitropropane 69 was used to prepare l-methyl-I-nitro-
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ethyl Sl.Il-dinitrophenyl thioether (eqn. 2-6l). 
+ MezC=NOz-
(2- 6l) 
This method was used due to the commercial availability of the 
sulphenyl chloride and to difficulties encountered in purifying the salt 
of Q.Il-dinitrophenyl thiol. Attempts to prepare l-methyl-l-nitroethyl 
phenyl thioether by a similar route via benzenesulphenyl chloride fai-
led. A bright blue colour was formed 'in the reaction mixture which 
may indicate that nitroso compounds are intermediates. The blue co-
lour faded rapidly on warming to give a brown foul-smelling liquid as 
the final product. It is evident that there is a fundamental difference 
in the reaction of the two sulphenyl chlorides with the 2-nitropropan-2-
ide anion. The reaction of Q.u-dinitrophenyl sulphenyl chloride pro-
ceeds with C-sulphenylation while the reaction with benzenesulphenyl 
chloride appears to proceed via O-sulphenylation. 
This ·may reflect the relative hardness and softness of the sulphe-
nyl centre in each of the suI phenyl halides . (see p .10 1 ). The carbon of 
the attacking nucleophile is relatively soft and would be expected to 
prefer to react with a 'soft' electrophilic centre. such as that present 
in Q.l?-dinitrophenyl sulphenyl chloride. The sulphur in the benzene-
sulphenyl chloride is less polarisable and therefore' harder'. It will 
prefer therefore to react with the hard oxygen nucleophilic centre. 
The reaction of the salts of primary nitroparaffins with some sul-
phenyl halides has been described69• and leads· to good yields of the 
corresponding a-nitrothioethers possessing hydrogens on the a-carbon. 
l-Methyl-l-nitroethyl p-chlorophenyl thioether has been prepared 
by the reaction of an a-nitrosulphone with the sodium salt of ll-chloro-
thiopheno145 (eqn. 2-62). This is believed to be an SRNl process. 
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/SOzPh -o~ 
MezC +-S _~ Cl 
'NOz 
/C~-Cl 
MezC ~- + SOzPh , 
. NOz 
(2- 62) 
~ ... ., -'-
This reaction was found to be unreliable, and often no reaction 
could be induced even after many hours. When a reaction did occur it 
was very slow "despite the rigorous exclusion of oxygen. The necessity 
of an involve.d freeze-thaw procedure,· recommended to deoxygenate 
the solvent, also made this reaction unattractive as a synthetic me-
thod. 
Reactions. 
Five a-nitrothioethers [4 f-k] were used in the study. It is likely 
that all of these compounds could be made by the reaction of 2-nitro-
propane anion with the corresponding disulphide and there is no reason 
why the salts of other nitroparaffins could not be employed. 
d Ar = phenyl 
f ~-chlorophenyl 
Me /SAr 
p-nitrophenyl 
'C g 
Me/ 'NOz h ll-nitrophenyl 
[4] j . 2-ben.zenethiazolyl 
" . 
k Qd2-dinitrophenyl 
The reactions of the a-nitrothioethers [4 f-k] with anions were 
conducted in dimethylformamide or dimethyl sulphoxide since these 
solvents allow maximum solvation of both reactants, and are believed 
. " 
to promote S 1 type processesZ7 • It was anticipated that these com-RN 
" " " "1 t "t 1 h 45, 58 The pounds m1ght react 1n a manner Slm1 ar 0 a-n1 rosu pones • 
latter are known to undergo substitution on reaction with a wide range 
of anions via an S 1 mechanism, with loss of the sulphone moiety 
RN . 
(eqn. 2-63). 
DMF 
MezC(SOzPh)NO z + A-
r. t. 
MezC(A)NOz + SOzAr (2-63) 
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The reactions of a-nitrothioethers were therefore carried out un-
der nitrogen at room temperature with illumination. 
Reaction with the 2-nitropropan-2-ide anion. 
The a-nitrothioethers [4 f-j] react with the sodium salt of 2-nitro-
propane in DMF at room temperature under nitrogen to give 2,3-dime-
thyl-2,3-dinitro"butane [6] in good yield. 
MezC(NOz)CMezNOz + SAr 
(2-64) 
The production of ,the dinitrobutane [6] was monitored by glc, and 
the yield of product from the reaction of each a-nitrothioether is given 
in Table 2- 6. 
The reaction of the thioether [4g] was allowed to go to completion 
(five hours) and gave a 92'1. yield of 2,3-dimethyl-2,3-dinitrobutane. 
TABLE 2-6. 
Reaction of a-nitrothioethers with 2-nitropropan-2-ide. 
Thioether [4] 
f 
g 
h 
j 
Yield % in four hours. 
40 
71 
13 
25 
The reaction of the a-nitrothioethers with anions may proceed 
with substitution of either the nitro group, or of the thiolate grouplg. 
In this case it appears that elimination of the arenethiolate is prefer-
red. Such cleavage of the carbon-sulphur bond is rarely observed in 
the reactions of simple thioethers, such as diphenyl sulphide or mixed 
alkyl aryl sulphides, indicating that the a-nitro group plays a central 
role in this reaction. 
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As mentioned elsewhere the nitroparaffin salts are ambident nuc-
leophiles, and it is significant that substitution takes place via the car-
bon atom and not one of the oxygen atoms. Coupling via the latter 
would suggest an SN2 process. This is unlikely due to steric hind-
rance. SN2 reaction at tertiary carbon centres is most unlikely even 
with the rate enhancement induced by dipolar aprotic solvents. Attack 
by carbon suggests that another mechanism may be operative. This 
was confirmed by inhibition studies of the reaction of l-methyl-l-nitro-
ethyl p-nitrophenyl thioether [4g] with the sodium salt of 2-nitropro-
pane (Table 2-7). 
TABLE 2-7. 
Reaction of [4g] with the sodium salt of 2-nitropropane a • 
Inhibitor 
None 
p-Dinitrobenzene (6 mol %) 
Oxygen 
Dark 
Galvinoxyl (10 mol %) 
Yield % of DNB in four hoursb. 
71 
9c 
2 
18 
3 
a In DMF at room temperature, b Estimated by glc, 
c After 24 hours. 
The reaction of the thioether [4g] with the sodium salt of 2-nitro-
propane was profoundly inhibited by the presence of only a catalytic 
amount (6 mol %) of p-DNB. This result suggests strongly that the 
reaction proc~eds via intermediate radical-anions and that it is a chain 
reaction. 9-DNB is a good electron acceptor and can interrupt SRNl 
processes Ig' 37 by accepting electrons from intermediate radical-
anions (eqn. 2-65). 
n-DNB may also react with the 2-nitropropane salt in a side re-
action which has been noted in our laboratories and since published by 
Kornblum et a198 (eqn. 2-65a). 
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<5 [ ,SR r + MezC 'NOz <5 + MezC(SR)NOz 
NOz NOz 
(2-65) 
<5 MezC=NOz - MoO' - (2- 65a) + + NOz 
NOz NOz 
This reaction is unlikely to be a major pathway since it is a slow 
process unless HMPA is employed as solvent. 
Molecular oxygen, a radical scavenger and electron acceptor, al-' 
most completely inhibits the reaction of the thioether [4g] with the 
anion. A similar result from the inclusion of 10 mol '1. of Galvinoxyl in 
the reaction mixture clearly indicates that radicals are involved as 
chain carriers in this reaction. 
The reaction is also unambiguously accelerated by light. Reac-
. tions were routinely conducted under two 15 w fluorescent lamps,but 
when the reaction flask was wrapped with aluminium foil to exclude all 
light the yield of the dinitrobutane [6] in four hours fell from 71 to 18%. 
The above observations are characteristic lg of known SRNl pro-
cesses and it is therefore proposed that the reaction of a-nitrothio-
ethers with the sodium salt of 2-nitropropane proceeds by this mecha-
nism (Scheme 2-9). 
The initiation step (eqn. 2-66), is an electron transfer from the 
nitronate anion to the a-nitrothioether to form the radical-anion of the 
latter. The nitronate anion takes part in many reactions believed to 
proceed via the SRNl mecha~ism. The radical-anion formed in eqn. 
2-66 is stabilised by the presence of the nitro group, but will still ra-
pidly eliminate the thiolate anion to produce a nitropropyl radical. 
The thiolate anion is stabilised by delocalisation of the negative charge 
into the benzene ring. The nitropropyl radical is not stabilised to any 
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great extent by delocalisation through the nitro group's· TT system99 • 
Initiation 
. 
. 
[MezC(SR}NOzf + MezC-NOz 
(2- 66) 
Chain propagation 
. . 
(2- 67) 
. 
. 
MezCNOz + MezC-NOz [MezC(NOz}C(NOz}Mezf (2-68) 
. 
[MezC(NOz}C(NOz}Mezf + MezC(SR}NO z MezC(NOz}C(NOz}Mez 
+ 
. 
[MezC(SR}N02 f 
(2-69) 
+ terminaticin steps 
SCHEME 2-9. 
The transfer of the electron in the initiation step and the break-
down of the radical-anion are believed to be light catalysed6 processes, 
but the exact r~le of light has not yet been defined 100. 
Coupling of a nitroanion and a nitropropyl radical leads to the ra-
dical-anion of 2,3-dimethyl-2,3-dinitrobutane, which rapidly transfers 
an electron to a molecule of starting material (eqn. 2-69), thus main-
taining the chain process of eqns. 2-67, 2-68, and 2-69. 
The nature o.f the termination steps is not clear, but the proce.sses 
involved may be coupling of radicals, or loss of an electron from the 
intermediate radical-anion to the solvent, to the reaction flask, or to 
the 2-nitropropyl radical. 
The inhibitors act as follows. p-Dinitrobenzene can intercept the 
radical-anion formed in eqn. 2-64,. to prevent the chain sequence, or 
undergo electron transfer with the radical-anion formed in eqn. 2-68 
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to give the same result. 
Oxygen may couple with the 2-nitropropyl radical to prevent the 
reaction of eqn. 2- 68 taking place, and Galvinoxyl can intercept car-
bon radicals in a similar way. 
The reaction of oxygen with the 2-nitropropyl radical in basic me-
dia has been thoroughly investigated8o, and the following mechanism 
has been suggested to account for the formation of acetone and nitrite 
as p,roducts (~cheme 2-10). 
00' 
• I 
MezCNOz + Oz MezC-NOz 
MezCOO' + MezCNOz MezCOO + MezCNOz I I 
NOz NOz 
MezCOOH + MezCNOz [ MO,yO, , ,g" 'yMO, r I. 
NOz NOz NOz 
1 
+ [Ho-r-Mez] 
NOz 
SCHEME 2-10. 
These products are not, of course, observed during the inhibition 
since they are formed only in small quantities. 
A possible alternative to the initiation, eqn. 2-66 is the homolytic 
cleavage of the carbon-sulphur bond of the a-nitrothioether to give. the 
2-nitropropyl radical (eqn. 2-70), which enters the cycle in eqn. 2-68. 
The other product of the cleavage, the arene thiyl radical, may pre-
sumably dimerise to produce disulphide. Such a cleavage is possible 
as the C-S bond is weakened by the presence of an a-nitro group and an 
adjacent electron-deficient aromatic centre. The absence of disul-
phide as a substantial product does not rule out this initiation since 
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only minor cleavage would be required to initiate the propagation se-
quence. 
. 
MezC-NOz + ArS' (2-70) 
The reaction 'with nitrocyclohexyl anion. 
The reaction of the a-nitrothioethers [4g, j] with the sodium salt of 
nitrocyclohexane in DMSO at room temperature leads predominantly to 
the coupled product [8]. The nitrocyclohexane salt was very much 
more soluble in DMSO than DMF. 
+ [6] 
+ 
2,3-Dimethyl-2,3-dinitrobutane [6] and bis-l,l' -nitrocyclohexane 
[9] were formed as by-products in some reactions. 
The results in Table 2-8 are similar to those obtained for the re-
action of 2-nitropropyl anion with a-nitrothioethers. The reaction is 
clearly inhibited by radical scavengers, electron acceptors and the 
absence of light. A mechanism analogous to Scneme 2-9 fits these ob-
servations, and it is likely that the reaction of the salts of secondary 
nitroparafiins with a-nitrothioethers will prove to be a general one. 
The most obvious mechanism for the rather high yield (14'}".) of the· 
dinitrobutane [6] observed is the dimerisation of 2-nitropropyl radi-
cals. This is, however, unlikely in view of the report by Bolsman and 
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de Boer99 that photolysis of a-iodonitroalkanes in inert solvents does 
not lead to the coupling of the nitroalkyl radical so formed. Instead 
the formation of 2-nitropropene (70%), 2-nitropropane (5%), and ace-
tone (-10%) is observed, and the following mechanism suggested. 
1 
hv Me, .... NOz 
.... C. 
Me '1 
. SCHEME 2-11. 
TABLE 2-8. 
1 
Me, .... NOz 
....C. 
Me + I' 
1 
Me, 
C=O 
Me"" 
Reaction of [4g) with the sodium salt of nitrocyc1ohexane. 
Inhibitor 
None 
Oxygen 
Galvinoxyl (6 mol %) 
ll-DNB 
Dark· 
a Estimated by glc. 
1· products 
[81 
76 
2 
3 
12 
34 
a 
after four hours • 
[ 6] [9] 
14 0 
0 0 
0 0 
5 trace 
2 0 
The presence of the 2-nitropropyl radical was proved by spin tra-
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pping with 2-methyl-2-nitrosopropane while conducting the reaction in 
the cavity of an ESR instrument. The resultant j3-nitronitroxide radi-
cal [10] is relatively stable, and may readily be observed. 
NOz I 
Me-C-N-CMez 
I I 
MeO. 
[10] 
The spectrum comprises nine lines with aN (nitroxide) = 12.60 and 
aN (nitro) = 4.42 Gauss, each of the lines being of equal intensity. 
The dimerisation of nitroalkyl radicals was observed only in the 
photolysis of l-iodo-l-nitro-I-phenylethane [11], which forms a stabili-
sed radical [12] due to delocalisation through the benzene ring. Coup-
ling occurs exclusively via the carbon atom.' The same authors have 
calculated88 the total spin density distribution on the nitromethyl radi-
cal [13]. 
Ph, /1 
.C / , 
.' Me NOz 
[11] 
hv 
. -0;032 H, /0 +0.112 
+0.976 C-N -0.135 
-0.032 H/ '0 +0.112 
[13] 
Ph 
'C' 
Me/ 'NOz 
[12] 
(2-72) 
aN (calc) = 3.9 Gauss 
The high value for the carbon atom indicate.s that little delocali-
sation into the a-nitro group is occurring, and therefore that carbon 
radicals are only stabilised to a minor extent by the presence of a nit-
ro group on the same carbon. This finding is backed experimentally 
by the observation that the photolysis of l-cyclopropyl-I-iodo-l-nitro-
ethane [l4a] leads to ring opened products whereas the photolysis of 1-
cyclopropyl-l-iodo-l-cyanoethane [14b] leads only to ring closed pro-
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" 
ducts. Generally the presence of a radical position adjacent to a cyc-
lopropyl ring causes fast ring opening unless there are substituents 
stabilising the radical by delocalisation of the unpaired electron. The 
cyano group is able to stabilise the radical but the nitro group cannot, 
implying that the latter cannot delocalise the unpaired electron and 
therefore that most of the spin density resides on carbon. 
,x 
I 1>-9-Me hv 
I 
[14] 
a X = nitro 
b X = cyano 
X 
I ~-Me 
1 X=CN 
ring closed 
products 
SCHEME 2-12. 
X=NOz 
1 
~oz I . e 
The thermolysis of a-nitrothioethers [4g, k] by refluxing in dry to-
luene for twelve hours, does not lead to the products of dimerisation of 
possible radicals, A complex mixture of products is produced instead. 
In fact there are no examples in the literature of the formation of 
2,3-dimethyl-2,3-dinitrobutane, purported to be by dimerisation of 2-
nitropropyl radical, which cannot be equally well explained by invoking 
a radical-anion coupling of ·the radical with a 2-nitropropyl anion, and 
it is likely that a coupling of this kind is respon~ible for the formation 
of [6] in the reaction of nitrocyclohexyl anion with a-nitrothioethers. 
This proposal, .however, requires the formation of the 2-nitropropyl 
anion from, presumably, the 2-nitropropyl radical, inferring that an 
electron transfer is occurring. 
There are four electron donors which may conceivably reduce an 
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intermediate 2-nitropropyl radical; 
.1) the thiolate anion analogous to the one formed in eqn. 2-67 of 
Scheme 2-9 
2) the radical anion analogous to the one formed in eqn. 2-66 [15] 
[MezC(SR)NOzf [15] 
3) the radical-anion of the coupled product [16] 
[M~rD 1: [16] NOz 
4) the nitrocyc1ohexyl anion. 
The first of these may be discounted fairly readily since the are-
nethiolate involved is known to prefer to couple with the 2-nitropropyl 
radical rather than to undergo an electron transfer. Thus the reaction 
ofJl-nitrothiophenolate with a-substituted nitro compounds leads to the 
corresponding a-nitrothioether and not to disulphide. 
One can envisage an electron transfer occurring between the nit-
rocyc1ohexyl anion and the 2-nitropropyl radical since the structures 
of these two molecules are so similar. An equilibrium such as (eqn. 
2-73) might exist. 
• MezC-NOz r\. + MezC=NO z - (2-73) 
'--J'Noz 
Since for the most part the nitrocyc1ohexyl anion is in excess the 
equilibrium might be expected to lie to the right as written. There is 
however a serious flaw to this argument, since for each 2-riitropropyl 
anion created there is produced a nitrohexyl radical, which would su-
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rely give rise to some [9]. This product is not normally observed. 
Electron transfer from either of the two radical-anions to the ni-
tropropy1 radical cannot be excluded, especially since this would pro-
duce two relatively stable species, i. e. the 2-nitropropy1 anion and the 
parent molecule. Such a process could not, of course, be observed in 
the reaction of 2-nitropropy1 anion with a-nitrosu1phide s. 
The reduced yield of the dinitrobutane [6] relative to [21] in the 
dark reaction could perhaps be cited as evidence for the existence of a 
relatively slow electron transfer process occurring in the formation of 
[6], such as the transfer of an electron from a radical-anion to the 2-
nitropropy1 radical. The increased ratio of [6] to [21] produced when ~­
DNB is included in the reaction mixture could be the result of transfer 
from the radical-anion of f!.-DNB to the 2-nitropropy1 r·adica1. 
A further alternative is the breakdown of the a-nitrothioether ra-
dical-anion to the thiy1 radical and the 2-nitropropy1 anion. 
[
Me, ,....NOz j; 
Me""'C'S-{ )-NOz 
MezC-NOz + • s-{ )-NOz 
'(2-74) 
The latter then reacts with a molecule of the starting material to 
give [6] as before. This possibility is unlikely since no disulphide is 
observed in the crude product as a result of dimerisation ofthiy1 radi-
ca1s. 
None of the alternatives is completely satisfactory and further 
work would be necessary to determine the origin of the dinitrobutane 
[6] in this reaction. 
The reaction with ethyl diethy1 malonate. 
The reaction of the a-nitrothioether [4g] with the sodium salt of 
ethyl diethy1 malonate was very slow in DMF and when using 2x15 w 
fluorescent lamps, so DMSO was employed as solvent and a stronger 
light source (2x150w tungsten lamps) was used. G1c anaiysis indicated 
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a poor yield (21%) of the expected nitropropyl malonate [17J, with a 
substantial amount. of the dinitrobutane [6J being produced. The for-
mation of both products was completely inhibited for four hours by 
molecular oxygen and the starting material was recovered in 90% 
yield. :Il-Dinitrobenzene also completely inhibited the formation of [17 J, 
but did not stop the formation of [6 J. Both inhibition reactions yielded 
small amounts 'of disulphide. Conducting the reaction without light 
completely i~ibited the formation of [17J. 
It seems likely, in view of the inhibition studies, that [17J is for-
med via a radical-anion radical chain mechanism, Scheme 2-13. 
MezC(SR)NOz + C(COzEthEt 
elec,tron . 
[Me}C (SR)NOzf 
transfer 
+ 
(2-75) 
. 
. 
[MezC(SR)NOzf MezCNOz + SR (2-76) 
. 
MezCNOz + C(COzEthEt 
. 
[MezCNOz 'C(COzEthEtf + MezC(SR)NOz 
SCHEME 2-13. 
. 
[MezCNOzC (cozEthEt f 
[17J 
(2-77) 
. 
[MezC(SR)NOzf 
+ 
. MezC-C(COzEth 
I I 
OzN Et 
(2-78) 
The malonate anion does not couple with the intermediate 2-nitro-
. propyl radical (eqn. 2-77) very efficiently. The results are similar to 
those observed for the reaction of malonate anion with 2-chloro-2-nit-
ropropane, 2-bromo_2_nitropropane53, and 2,2_dinitropropane54 • 
These routes were used to provide an authentic sample for analysis. 
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Similar yields to those reported were obtained. 
The poor yield of coupled product may result from a nucleophilic 
attack by the malonate anion on the a-nitrothioether (eqn. 2-79). 
ArSC(COzEtlzEt + MezC-NOz 
[lB] 
(2-79) 
This would occur in competition to eqn. 2-75, forming the malonate 
thioether [lB]. This ·proposal is by analogy with the bromine atom tra-
·nsfer suggested by van Tamelen and van Zy19Z in the reaction of 2-bro-
mo-2-nitropropane with diethyl ethyl malonate. They successfully 
isolated diethyl 2-bromo-2-ethyl malonate [19], the expected product 
of halogen abstraction (eqn. 2-BO). 
+ ;BrC(CqzEtlzEt 
[19] 
(2-BO) 
The bromine atom is activated to such an attack by the adjacent 
_ nitro group. Similar results have been noted in the reactions of a-
polynitrothioethers with nucleophiles. Ready cleavage of the aliphatic 
carbon to sulphur bond of a-polynitro thioether on reaction with weak 
nucleophiles is observed93 (eqn. 2-Bl). 
R ISC(NO.)·.Rz + N RISN + RZC(NO) -
" " z z 
RI = Me, Ph, 2,4-(NOzlzPh R Z = NOz, Me 
N = MeOH, NH3, NHMez, OH 
(2-B1) 
- BB -
In fact the reactivity of a-polynitrothioethers is reminiscent of 
sulphenyl halides rather than sulphides. This stems from the weake-
ning of the C-S bond by the presence of the two a-nitro groups. The 
effect would of course be expected to be less pronounced in the a-mo-
nonitroalkyl thioethers. 
The product of the nucleophilic attack of eqn. 2-80, the malonic 
thioether [19], might be expected to be stable and isolable, but was 
noticeable o~ly for its absence. In the reaction of l-methyl-l-nitro-
~thyl p.-nitrophenyl thioether [4g] with the malonate salt conducted un-
der oxygen none of the thioether [19] was detected. Since oxygen would 
not affect an ionic reaction, the thioether [19] would have been expected 
if reaction (2-80) was taking place. 
The production of large amounts ~f [6] during the reaction of ma-
lonate anion with [4g] is subject to the same arguments as laid out pre-
viously for the reaction of a-nitrothioethers with nitrocyclohexyl anion. 
In view of the low yield of the coupled product [17] obtained, it is likely 
that reaction (2-77) is inefficient and may be replaced by reaction (2-
82) producing the 2-nitropropyl anion required,to give the [6j'obtained. 
(2-82) 
This route would be expected to yield a dimeric malonate product from 
the malonate radical, but none was observed. 
The reaction with sodium benzene sulphinate. 
The reaction of the thioether [4g] with sodium benzene sulphinate 
in DMF at room temperature gave" in two hours, a 32% yield of the 
substitution product [20] (Scheme 2-l4). 
The generation of thiolate anion was evident from the deep red co-
lour that the reaction mixture assumed. The starting material was 
recovered in 60'1. yield. 
The assignment of an SRNl mechanism is based on the precedent 
- 89 -
of the reactions of the other anions with a-nitrothioethers, and the fact 
that the reaction of the thioether [4k) with benzene sulphinate was com-
pletely inhibited by molecular oxygen. 
. 
MezC(SAr}NOz + PhSOz- < PhSOz• + [MezC(SAr)NOzf 
(2-83) 
. 
[MezC(SAr}NOzf • MezC-NO z + ~SAr (2-84) 
. 
. 
MezC-NOz + PhSOz- [MezC(SOzPh}NOzf (2-85) 
. . 
[MezC(SOzPh}NOzf '+ MezC(SAr}NOz 
. [MezC(SAr}NOzr 
+ 
[20) MezC(SOzPh}NOz 
.(2-86) 
SCHEME 2':14. 
When the same reaction was performed under nitrogen for the 
same time period, two hours, a 59% yield of [20) wa~ obtained. 
The reaction of five equivalents of the sulphinate with l-methyl-l-
nitroethyl j1.-chlorophenyl thioether [4f) gave no products and the star-
ting material was recovered. It is interesting that the reverse reac-
tion (eqn. 2-87) has been shown to give the thioether45 • 
MezC(SPhCl}NOz + -SOzPh 
(2-87) 
This infers that an equilibrium may exist between a suitable a-
nitrothioether and sulphinate anion, when the leaving abilities of the 
thiolate and sulphinate anions are similar. An equilibrium of the fol-
lowing kind could then exist (eqn. 2-88). 
This behaviour would resemble that observed by Kornblum et a145 
for the reacti~n of a-nitrosulphones with sulphinate anions where equi-
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librium mixtures of products are observed (eqn. 2-89). 
(2-88) 
Mezc-soz-o' Me I _ 
NOz 
+ 
(2-89) 
The reaction with thiolates. 
The reaction of [4f] with p-chlorothiophenolate was briefly inves-
tigated. They do not react together in equimolar amounts in DMF, but 
when a ten fold excess of thiolate is employed a good,yield of di-(p-
chlorophenyl) disulphide (84'10) is realised, along with 2,3-dimethyl-
2,3-dinitrobutane [6] in low and variable yield. 
MezC(SR)NOz + SR • RSSR + MezC =NOz - (2-90) 
MezC(SR)NOz + MezCNOz- MezC(NOz)C(NOz)Mez (2-91) 
The ,inclusion ofp-DNB (7 mol %) in the reaction mixture comple-
tely inhibited the formation of the dinitrobutane [6], as did an atmos-
phere of oxygen. It appears that [6] is produced via an SRNl process 
(Scheme 2-9). The formation of disulphide continues unabated in the 
presence of both p-DNB or oxygen to give yields of 91 and 72'10 respec-
tively. Both p-DNB and oxygen10Z can, under certain conditions, slo-
wly oxidise thiolates to disulphide. The rate of reaction is sufficiently 
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slow not to interfere with their inhibition behaviour. The reaction of 
oxygen with phenyl thiolate was investigated and found to give a yield 
of only 17% of diphenyl disulphide in 24 hours. 
RS - p-DNB [p-DNBf RS· + + 
! 
RSSR 
1 
RS - + 0"2 - RS· (2-92) Oz + 
As indicated in eqn. 2-92 both p-DNB and o~ygen are believed to 
act as electron acceptors in the reaction with thiolates, to produce 
thiyl radicals which subsequently dimerise to give the disulphide pro-
duct. 
It is impossible on the basis of the inhibitor studies to determine 
whether the reaction of thiolates with a-nitrothioethers is radical or 
ionic in nature. However, the acceleration of reaction rate with inc-
reasing concentration of thiolate indicates that an SN2. mechanism is 
more likely. Such behaviour would resemble that of the a-polynitro-
thioethers with attack of the thiolate anion on the divalent sulphur of 
the a-nitrothioether and displacement of the 2-nitropropyl anion. The 
latter may then compete with the thiolate anion to react with the a-nit-
rothioether, but since a large excess of thiolate is always present only 
a small yield of 2,3-dimethyl-2,3-dinitrobutane is observed. 
The reaction of thiolates with a-nitrothioethers is one half of an 
equilibrium (eqn. 2-90) which may, as expected, be caused to give all 
disulphide or a-nitrothioether by using suitable quantities of thiolate 
or 2-nitropropyl anion respectively (see Section 3 of Discussion). 
The reaction of the thioether [4k] ':'I'ith ten equivalents of p-tolyl 
thiolate causes the instant formation of a deep red colour, and work up 
after two hours gave a 94'1. yield of di-(p-tolyl)disulphide. The result 
may be explained in terms of two rapid consecutive attacks by p-tolyl 
thiolate. The first is on the a-nitrothioether to give a mixed disul-
phide (eqn. 2-93). 
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OzN 
, -h 
r/S~NOz 
MezC, ~- -0-' NOz S Me 
MezC-NOz + 
(2-93) 
This is followed by the known, rapid attack on the mixed disul-
phide to give di- (p-tolyl) disulphide . 
(2-94) 
General stability of a-nitrothioethers. 
Each of the a-nitrothioethers [4f-j] was recovered unchanged when 
stirred with dilute hydrochloric acid for 24 hours. 
Of the five a-nitrothioethers 4f and 4j were. recovered unchanged 
when refluxed in dry toluene for 24 hours. The others decomposed 
giving, in each case, a multitude of products, not including 2,3-dime-
thyl-2,3-dinitrobutane, which were not further identified. 
The reaction might be expected to lead to homolytic cleavage of 
the a-nitrothioethers (eqn. 2-95) followed by dimerisation of the radi-
cals to give the dinitrobutane [6] and disulphide. The work of Bolsman 
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and de Boer99 ' 88 has shown that the dimerisation of the intermediate 2-
nitropropyl radical is not observed on photolysis of a-iodonitroalkanes. 
It appears that the thermolysis of a-nitrothioethers lends further sup-
port to their findings. 
Me, 
C' + 'SR 
Me;" 'NOz 
(2-95) 
Oxidation of a-nitrothioethers. 
Oxidation of the a-nitrothioethers [4f-j] was attempted using m-
chloroperbenzoic acid in dichloromethane, in order to confirm the 
identity of the a-nitrothioethers. The reage,nt is reportedio3 to oxidise 
thioethers to sulphoxides exclusively, even when present in excess. 
This is in marked contrast !o other oxidising agents which give mix-
tures of the 'sulphone and sulphoxide. 
The sulphoxides of the thioethers [4g, f) were successfully prepa-
red in 86 and 67% yield respectively. The attempted oxidation of the 
. thioether 4j led to a complex mixture of products due perhaps to mul_ 
tiple oxidation of the starting material on both sulphur atoms and the 
nitrogen. 
cx:N I ~-S-C-Mez """- / I 
" NOz 
MCPBA 
------. . mixture of products 
[ 4j] (2-96) 
The oxidation of the thioether [4f] was also·unsuccessful but in this 
case there was no observable reaction (by tlc). This may be due to 
steric hindrance by the 2-nitro substituent. 
The sulphoxides contain a chiral centre at the sulphur atom and 
may exist as isomers. The two methyl groups of the propyl moiety 
may thus experience different environments, and in agreement with 
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this the NMR spectra showed two singlets in the methyl region repre-
senting three hydrogens apiece, with a chemical shift difference of 
some 0.5 ppm. 
The reactions of I-methyl-l-nitroethyl p-chlorophenyl sulphoxide 
, with 2-nitropropyl anion and the sodium salt of benzene sulphinic acid 
were investigated. 
Reaction with 2-nitropropyl anion in dry DMF at room tempera-
ture under niJrogen gave only a poor yield (42%) of the dinitrobutane 
as the only product. No starting material was recovered. It was felt 
that the low yield in this reaction was perhaps due to loss of unreacted 
sulphoxide or sulphoxide product into the aqueous-DMF layer in the 
work-up. To overcome this problem methanol was used as solvent, 
and the products leached out into chloroform. The yield was again low 
and a complex mixture of products was 'isolated.- No starting material 
could be detected. 
The reaction of the sulphoxide in DMF with sodium benzene sul-
phinate (eqn. 2-97) gave I-methyl-l-nitroethyl phenyl sUlphone as the 
only product in 24'1. yield. No starting material could be detected. 
Me SoO'" Cl , " C + 
Me" 'NOz 
_ Me, "SOzPh 
SOzPh- C + 
Me'" 'NOz 
-SO-( )-Cl 
(2-97) 
Only one reaction of the type described above has been reported in 
the literature Id , wherein )l-nitrocumyl phenyl sulphoxide reacted with 
thiophenolate to give a mixtu;e of products (eqn. 2-98). The reaction 
was light catalysed and assigned an SRNl mechanism. 
Assuming that the reaction of the_ sulphoxide with 2-nitropropyl 
anion and benzene sulphinate proceeds via the same SRNl mechanism 
then the following scheme can be written (Scheme 2-15). 
95 -
+ 
OZN-( )-CMezCMez-( }NOz 
+ 
(2-98) 
[::x:< }Cl]' + A" 
[
Me, ",A ]:. 
C. + 
'" , Me NOz 
1 
Me 50-0' Cl , ,/ 
C -
,/ , 
Me NOz . 
. [Me>", so-( )-C1]:' + 
Me 'NOz 
SCHEME 2-15. 
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(2-99) 
(2-100) 
(2-101) 
(2-102) 
0-
Me, ..... iO' C.l 
C. -
..... -
Me + NOz' 
Me " so-o' Cl , ..... 
/C. - , 
Me + NOz-
Me 'c.' + -SO-( )-CI 
Me/ 'NOz 
y 
[
Me 'C/ SVCI1.:. 
Me/ 'NOz 
~ 
Me,C_ +', so-( )-CI 
Me/ 'NOz 
The path chosen for the breakdown of the intermediate radical-
anion will largely depend on the stability of the products. Path d 
is unlikely since both products are highly reactive species. Reaction 
by path a is .obviously favoured since the observable products arise via 
this breakdown. Path b can be excluded since none of the dinitrobu-
ta~e [6] is formed in the reaction of benzene sulphinate with the sul-
phoxide. The dinitrobutane [6] would arise from rea,ction of 2-nitro-
propyl anion with the sulphoxide. Breakdown via path c may explain 
the low yields of products if one assumes that the a-sulphoxide radical 
, 
is unable to combine efficiently with the attacking anion, and subse-
quently decomposes to water soluble products. 
The a-nitrosulphoxides are clearly reluctant to enter into SRNI 
reactions of the kind which are so readily undergone by other a-sub-
stituted nitro compounds. 
General conclusions. 
a-Nitrothioethers will react with certain aIjions via the SRNI me-
chanism (Scheme 2-9) with replacement of the thiolate group. If a 
strong nucleophile such as thiolate is used an alternative reaction, 
with nucleophilic attack at sulphur,occurs. 
a-Nitrosulphoxides may be prepared from the corresponding thio-
ethers in good yield. These compounds react with anions to give only 
low yields of substitution products. 
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DISCUSSION Part 3. 
Reactions of disulphides with the 
2-nitropropan-2-ide anion • 
Nucleophilic attack ori divalent sulphur and on disulphides in par-
ticular has been rather widely studied104a, b, c. A variety of anions 
has been used to cleave the sulphur to sulphur bond, and amongst 
these is a number of carbanions, including the cyanide anion105, phe_ 
nyl lithium106, sodium triphenyl methide 107, Grignard reagents 108, di-
thiane anions 109, malonate"O, and enolates 103 • 
The reaction of nitronate anions with disulphides has not been de-
scribed but Kharasch and Cameron66 have reacted the sodium salts of 
various nitroparafiins with sulphenyl halides and obtained the corres-
ponding cr-nitrothioethers, but generally only in moderate yield. In 
addition the sulphenyl halides are mostly unpleasant materials to pre-
pare and to handle. 
The reaction of disulphides with tne sodium salt of 2-nitropropane 
has been studied and found to proceed only when diaryl disulphides 
with electron withdrawing groups in the ring are employed. In addi-
tion it is necessary to use an excess of the nitronate to ensure a rapid 
reaction. The results of the experiments are shown in the Table 2-9. 
The results are in agreement with the findings of Parker and Kha-
rasch105, who found that the susceptibility to cleavage by cyanide anion 
decreases markedly in the series 
> 
> 
NOz Q-S-SR > 
> OZN-( }S-SR 
PhS-SR 
This series is reflected in the results of the table where the di-
(p-chlorophenyl}disulphide reacts most readily, followed by the nitro 
substituted disulphides. The 2-nitropropan-2-ide anion will not cleave 
the di-(Il-tolyl), diphenyl, or dimethyl disulphides. In a similar way 
cyanide will not cleave simple alkyl disulphides. 
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In fact the bOhd strength of the S-S bond in aliphatic disulphides is 
a third greater than that of the aromatic disulphides, and aliphatic di-
sulphides are correspondingly more difficult to cleave!06. 
In principle the reaction of a nucleophile with a sulphur to sulphur 
bond may proceed by either of two mechanisms, analogous to the SNl 
and SN2 processes recognised for substitution at tetrahedral carbon. 
TABLE 2-9. 
Reaction between disulphides and 2-nitropropan-2-ide anion. 
Disulphide Molar ratio 
(anion disul-
phide) 
di-12- tolyl 10: 1 
1: 1 
dipheny~ 10: 1 
dimethyl 10: 1 
di-(g-aminophenyl) 10: 1 
di- (12- chlorophenyl) 10: 1 
10: 1 
5:1 
2:.1 
di- (12-nitrophenyl) 10:"1 
2:1 
1 : 1 
di-( Q-nitrophenyl) 10: 1 
a "5 mol %" of pDNB added 
Time 
(hours) 
12 
12 
12 
24 
24 
2 
2 
24 
1 
3 
24 
3 
0.5 
Yield % of C-
sulphenylated 
product' 
o 
o 
o 
o 
5 
86 
" 86 
95 
70 
80 
77 
34 
66 
a 
The b"ond may first dissociate in a slow, ra"te-determining step, 
to form a sulphenium ion and a thiolate, 
RSSR 
> (2-103). 
• 
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followed by attack upon the positive ion so formed by the nuc1eophile 
RSN (Z-l04) 
Alternatively a mechanism similar to an SNZ process may occur 
with direct displacement of a thio1ate anion by the incoming nuc1eo-
. phile. In fact there is no evidence in the literature to support, the for-
mer while considerable support for the bimolecular process is avai-
1able. 
The su1phenium ion has been found to be highly unstable and will, 
in the absence of other reactants, combine with molecular nitrogenlll. 
This is indicative of the high energy which would be required to form 
such an intermediate and makes an SRN1 type process very unlikely .. 
+ RS + Nz 
+ 
RS-N::N (Z-105) 
In all cases of attack by nuc1eophiles on divalent. sulphur which 
have been studied kinetically a bimolecular mechanism has been re-
portedllz • Our results were in agreement. The reaction of Z-nitro-
propanide and di-(jl-nitropheny1)disu1phide was followed kinetic ally by 
monitoring the release of the thio1ate anion (see Experimental section 
for further details), and was found to be second-order with a rate con-
stant k",,· ZO mol-I min -I. This result means that the reaction proceeds 
by an SNZ type mechanism. As might be expected for such a process, 
c·onducting the reaction under ·oxygen or in the presence of 5% Ga1vin-
oxy1 did not affect the yield of Oi-nitrothioether ~btained. In fact the 
reactions were preferentially carried out under an oxygen atmosphere 
since this prevented the formation of a by-product, Z,3-dimethy1-Z,3-
dinitrobutane, which was always observed when the reactions were 
conducted under nitrogen. This by-product is believed to arise by the 
reaction of Z-nitropropan-Z-ide with Oi-nitrothioether (see_Section Z), 
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via an SRNl InechanisIn. 
As Inay be see.n froIn the results, the nitronate anion is not a par-
ticularly good S-nucleophile, in contrast to Inost carbanions, since it 
will onlydisplace aryl thiolate anions which possess electron with-
drawing groups. Enolate anions will react with eas e with diInethyl di-
sulphide and diphenyl disulphide 103 • The results indicate that in gene-
ral thiolates are better S-nucleophiles than 2-nitropropan-2-ide assu-
Ining a revelCsible SN2 InechanisIn. 
In all cases where reaction does occur C-sulphenylation occurs in 
preference to O-sulphenylation. This result is understandable in ter-
. InS of the HSAB principle. 
Pearson and Songstadll3 have suggested that the theory of hard and 
soft acids and bases (HSAB) can be used to provide an understanding of 
Inany of the variations in the relative order of reactivity of a series of 
nucleophUes that are encountered on going froIn a substitution at one 
type of electrophilic centre to a substitution at a Inarkedly different 
type of electrophiliccentre. According to HSAB, nucleophiles of low 
polarisability and high electronegativity, so-called hard bases, will 
react in preference at hard electrophilic centres, while nucleophiles 
of high polarisability and low electronegativity should react particu-
larly well in substitutions at soft electrophilic centres. Two of the 
principal factors which Inake an electrophilic centre 'hard' are the ab-
sence of unshared pairs of easily excited outer shell electrons on the 
atOIn at which the substitution takes place and a high positive charge 
on that atOIn. In addition, the atOInS to which the electrophilic centre 
is bonded will exert an effect. If a highly polarisable atOIn is bonded 
to the electrophilic centre then this will tend to Inake it softer. By all 
these criteria, the divalent sulphur in disulphides is soft and would be 
expected to react by choice with a soft nucleophile. 
The nitronate anion may attack through oxygen or carbon. The 
oxygen anion is regarded as a hard nucleophile, while the carbanion 
centre is polaris able, and therefore classed as soft. The latter is 
thus predicted to react to forIn a-nitrothioether and this is indeed 
found to be the case. 
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The HSAB principle can be used in a similar way to explain the 
reaction of polynitroanions with a series of sulphenyl derivatives 114 • 
a 
RC (Nozlz - + PhSX 
b 
R = Me, NOz 
RC (NOz)zSPh 
R, +",0-
C=N 
OzN'" 'OSPh 
It was found that when X = Cl, Br path a was followed, but when 
X=BF4 - or SbF 6- path b predominated and O-sulphenylation resulted. 
In the latter reactions the sulphenium ion is the electrophilic centre 
and this is believed to be the hardest of the divalent sulphur deriva-
tives. 
It would seem then that the reaction of 2-nitropropan-2-ide with 
disulphides may be adequately described as a bimolecular displace-
ment reaction. 
. Me, ",SR 
RS + C 
Me'" 'NOz 
(2-107) 
R =' n-chlorophenyl, n-nitrophenyl, Q.-nitrophenyl 
The reaction is written as an equilibrium since when R = p-chloro-
phenyl and high concentrations of thiolate anion "are employed, the re-
verse reaction on the 2-nitrothioether may be observed (p. 91). 
Sparke, Cameron, and Kharasch1l5 have suggested that the reac-
tion be.tween sulphenyl' chlorides and a-nitrocarbanions may occur via 
SN2 attack by oxygen, followed by rearrangement to form the observed 
a-nitrothioethers. 
- 102 -
H I _ 
.... 0 
ArSCl + Me-C=NOz MeCH=N SAr 
'0"'" 
Me-CH-NOz 
I 
SAr 
(Z-108) 
This intermediate cannot be ruled out on the basis of the kinetic 
data quoted since the production of thiolate anion might still be expec-
ted to follow 'second-order kinetics. However HSAB theory would sug-
gest that direct C-sulphenylation is more likely in the substitution at 
disulphides. 
Attempts to extend the reaction to mixed disulphides as a general 
method of a-nitrothioether synthesis proved to be unsuccessful. When 
the sodium salt of Z-nitropropane was reacted with benzyl £,]L-dinitro-
phenyl disulphide under oxygen at room temperature in DMF a rapid 
reaction occurred liberating the anion of Q,I1.-dinitrophenyl thiol. This 
result would"be anticipated and was the basis for carrying out this ex-
periment. In mixed disulphides it has been found that the sulphur atom 
farthest removed from an electron-withdrawing group bears most po-
sitive charge, i. e. 
so that nucleophilic attack would be expected On the sulphur atom ad-
jacent to the benzyl group. 
However, normal work-up after ten minute~ failed to yield the de-
sired a-nitrothioether although no disulphide was recovered. The only 
observed product was Z,3-dimethyl-Z,3-dinitrobutane. The production 
of this under oxygen is difficult to explain since all the conceivable pa-
thways for its synthesis involve the Z-nitropropyl radical as interme-
diates. 
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'1:he reaction of nitronates with disulphides is so far very limited 
in scope, but further investigation of the use of mixed disulphides and 
of the dianions of the nitroparaffins 1S may help to extend the reaction. 
The dianions poSsess enhanced C-nucleophilicity and may allow reac-
tion with the disulphides which did not react with monolTletallated nit-
ro compounds. Primary nitroanions (RCHNOz) would also be of inte-
rest, but were -not investigated as they were not related to the main 
mechanistic route. They would be expected to react in a similar man-
ner to the secondary salts. 
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EXPERIMENT AL 
Experiment number 
1. Preparation of 2-nitrothiophenol 
2. Preparation of N-acetyl cysteine methyl ester 
3. Preparation of the sodium salt of 2-nitropropane 
4. Preparation of the sodium salt of nitrocyclohexane 
5. Prepara,tion of the sodium salt of ethyl diethyl malonate 
6. Preparation of the sodium salt of R-thiocreso1. 
7. Preparation of 2-iodo-2-nitropropane 
8. Preparation of 2- bromo- 2-nitropropane 
9. Preparation of 2-chloro-2-nitropropane 
10. Preparation "f 2,2-dinitropropane 
H. Preparation of I-methyl-l-nitr~ethyl phenyl sulphone 
12. Preparation of 2-(p-nitrophenylazo)-2-nitropropane 
13. Preparation of 2-methyl-2-nitropropane 
14. Preparation of 2,3-dimethyl-2,3-dinitrobutane 
15. Preparation of J).-dinitrobenzene 
16. Preparation of di-(R-chlorophenyl) disulphide 
17. Preparation of di-N-acetyl cystine dimethyl ester 
18. Preparation of di-(Q-aminophenyl) disulphide 
19. Preparation of benzyl Q,R-dinitrophenyl disulphide 
20. General reaction method used for the reaction of a-substituted 
nitropropanes with thiolate anions 
'21. Reaction of 2-iodo-2-nitropropane with thiolates 
a with the sodium salt of p,-thiocresol 
b with the sodium salt of .Q-nitrothiophenol 
c with the sodium salt of I1-chlorothiophenol 
22. Reactions of 2-bromo-2-nitropropane 
a with, the sodium salt of benzyl thiol 
b with the sodium salt of phenyl thiolate 
c with the sodium salt of II-thiocresol 
d with the sodium salt of R-chlorothiophenol 
e with 2-mercaptoethanol 
f with N-acetyl-L-cysteine methyl ester 
g with the sodium salt of Q-nitrothiophenol 
h with the sodium salt of 2-mercaptobenzothiazole 
j with the sodium salt of 2-nitrothiophenol 
23. Reaction of 2-bromo-2-nitropropane with phenyl thiolate in the 
presence of one equivalent of norbornadiene 
a Blank experiment 
. b Test ex~eriment 
24. Reaction of the sodium salt of dibenzyl phosphine oxide and 2-
bromo - 2 - ni tropropane 
25. Inhibition of the synthesis of disulphide by molecular oxygen 
26. Reactions of a-substituted nitropropanes with thiolates in 
styrene 
27. Reaction of l-bromo-l,l-dinitro.ethane 
a with the sodium salt of thiophenol 
28. Reactions of 2-chloro-2-nitropropane 
a with the sodium salt of benzyl thiol 
b with the sodium salt of thiophenol 
c with the sodium salt of ll-chlorothiophenol 
d with the sodium salt of Q-nitrothiophenol 
29. Reactions of 2,2-dinitropropane 
a with the sodium salt of thiophenol 
b with the sodium salt of p-chlorothiophenol 
c with the sodium salt of benzyl thiol 
d with the sodium salt of 2-nitrothiophenol 
30. Reactions of l-methyl-l-nitroethyl phenyl sulphone 
a with the sodium salt of ll-thiocresol 
b with the sodium salt of thiophenol 
c with the sodium salt of benzyl thiol 
d with the sodium salt of R-nitrothiophenol 
31. Reactions of 2-(p-nitrophenylazo)-2-nitropropane 
a with the sodium salt of benzene thiol 
b with the sodium salt of Q-nitrothiophen·ol 
c with the sodium salt of benzyl thiol 
d with the sodium salt of ll-chlorophenyl thiol 
• 
32. Reactions of t-nitrobutane 
a with the sodium salt of ];l.-chlorothiophenol 
b with the sodium salt of benzyl thiol 
c with the sodium salt of thiophenol 
33. Reaction of 2,4-dinitrophenyl sulphenyl chloride with the 
sodium ~alt of 2-nitropropane 
34 • Preparation of benzenesulphenyl chloride 
35. Reaction of the sodium salt of 2-nitropropane and I-methyl-l-
nitroethyl p-chlorophenyl thioether 
36. Reaction of the sodium salt of 2-nitropropane with I-methyl-l-
nitroethyl Q-nitrophenyl thioether 
37. Reaction of the sodium salt of ~-nitropropane with I-methyl-
I-nitroethyl 2-benzenethiazyl thioether 
38. Inhibition of the reaction of the sodium salt of 2-nitropropane 
with l-methyl-l-nitroethyl p-nitrophenyl thioether 
39. ~action of the sodium salt of nitrocyclohexane with I-methyl-
I-nitroethyl >l-nitrophenyl thioether 
40. Reaction of the sodium salt of nitrocyclohexane with l-methyl-
I-nitroethyl 2-benzothiazyl thioether 
41. Reaction of the sodium salt of ethyl diethyl malonate and 1-
methyl-l-nitroethyl ll-nitrophenyl thioether 
42. Reaction of the sodium salt of benzenesulphinic acid with 1-
methyl-l-nitroethyl >l-nitrophenyl thioether 
43. Reaction of the sodium salt of benzenesulphinic acid with 1-
methyl-l-nitroethyl 2,4-dinitrophenyl thioether 
44. Reaction of the sodium salt of p-chlorothiophenol with I-methyl-
I-nitroethyl p-chlorophenyl thioether 
45. Reaction of the sodium salt of thiocresol with I-methyl-l-nitro-
ethyl 2,4-dinitrobenzene thioether 
46. Oxidation of I-methyl-l-nitroethyl >l-chlorophenyl thioether 
47. Reaction of the sodium salt of 2-nitropropane with I-methyl-l-
nitroethyl 12-chlorophenyl sulphoxide 
48. Reaction of sodium benzenesulphinate with I-lnethyl-l-nitroethyl 
12-chlorophenyl sulphoxide 
49. Thermolysis of ll-nitrothioethers 
50. Reaction of the sodium salt of 2-nitropropane with di-(p-chloro-
phenyl) disulphide 
51. Reaction of the sodium salt of 2-nitropropane with di-(.Q-nitro-
'phenyl) disulphide 
5'2. Reactio!1 of the sodium salt of 2-nitropropane with di-(p-nitro-
phenyl) disulphide 
53. Reaction of the sodium salt of 2-nitropropane with benzyl 9.!l-
dinitrophenyl disulphide 
54. Reaction of other disulphides with the sodium salt of 2-nitro-
propane 
55. Kinetic studies of the reaction pf di- (p.:-nitrophenyl) disulphide 
with the sodium salt of 2-nitropropane. 
All solvents were distilled and dried by conventional Illethods. 
Analytical thin layer chroIllatography was perforIlled using silica 
gel (GFZ54 !,-ccording to Stahl), supplied by Merck, on 0.25 IllIll thick 
plates. Preparative thin layer chroIllatography was perforIlled using 
silica gel as above for 0.75 IllIll thick plates. 
Analytical gas chroIllatography was carried out using a Pye 104 
series gas chroIllatograph with a flaIlle ionisation detector on ,,; five 
feet coluIlln of 3% SE 30 on Gas ChroIll Q. 
Infrared spectra were deterIllined forNujol Illulls (solids) or as 
thin filIlls (liquids) on a Perkin-ElIller 177 spectroIllete r. 
Ultra-violet spectra were deterIllined for solutions in ethanol with' 
a Pye-UnicaIll SP 8000 spectrophotoIlleter. 
lH nuclear Illagnetic resonance spectra were deterIllined for ap-
proxiIllately 20% W!V solutions with tetraIllethyl silane as internal 
standard, at 90 MHz on a Perkin-ElIller R32 spectroIlleter, and at 60 
MHz on a Varian EM 360A instruIllent. Mass spectra were recorded 
on an A.E.I; M.S. 12 spectroIlleter. 
Melting points were deterIllined on a Kofler block and are uncor-
rected. 
Refractive indices were deterIllined at 25·C on a'n Abb~ refracto-
Illeter. 
AnalY,ses were perforIlled by the Illicroanalytical departIllent of 
Manchester University. 
Nitrogen was dried and deoxygenated by passing it through a se-
ries of wash bottles containing, Fiesers solution, conc. sulphuric acid, 
and potas siuIll hydroxide flakes. 
'Pet-Ether' in the text refers to petroleuIll ether 40- 60· boiling 
fraction. 
COIllIllon abbreviations used in the experiIllental': 
DMF - N,N-diIllethylforIllaIllide 
MgS04 - anhydrous IllagnesiuIll sulphate 
TLC - thin layer chroIllatography 
Oz - oxygen gas 
Nz - nitrogen gas 
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1. Preparation of o-nitrothiophenol116 • In a jl round bottomed flask 
fitted with a reflux condenser were placed sodium sulphide (36 g, 0.15 
mol) and absolute alcohol (150 ml). The flask was heated on a steam 
bath until all the sulphide had dissolved. Powdered sulphur (4.8 g, 
0.15 g-atom) was added, and the heating continued until the sulphur 
dissolved, forming a brownish-red solution of sodium disulphide. 
Concurrently a' solutio!, of Q.-chloronitrobenzene (31. 5 g, 0.2 mol) in 
absolute ethapol (50 ml) was prepared in a 11 round bottomed flask fit-
. -
ted with a reflux condenser, and the sodium disulphide solution was 
slowly added. Gentle heating, followed by full heating on a steam bath 
and subsequent cooling led to a precipitate which was separated by fil-
tration. The mixture of organic disulphide and sodium chloride was 
transferred to a 250 ml beaker and stirred thoroughly with distilled 
water (100 ml). The solid was filtered off and washed with absolute 
ethanol (20 ml). Recrystallisation from benzene gave yellow crystals 
of di-(~-nitrophenyl)-disulphide (18.2 g, 60%) m.p. 194-5° (lit. 118 192-
5°) • 
The disulphide (3 g, 11 mmol) and triphenyl phosphine (2.9 g, 11 
mmol) were mixed in methanol-water (90- 'io, 10% in HCl) and the mix-
ture stirred 'for ca.- two hours. The solvent was re~oved i!l- vacuo to 
give a yellow solid which was leached into sodium hydroxide (2N) gi-
ving a red solution of the thiolate. The remaining solid was filtered, 
and the filtrate was acidified with dilute hydrochloric acid to give a 
yellow precipitate, which was filtered off under a blanket of nitrogen 
:-. to give the thiol '(2.65 g, 87%) m.p. 58-9° (lit. 118 58.5°) " (EtOH) 
. . max 
235, 270, 354 nm.; a 4.0 (lH, s, exchangeable, -SE), 7.30 (3H, m, 
arom), 8.13 (lH, dxd, arom). 
In a similar way I!-nitrothiophenol was prepared (36%) m.p. 78-9° 
(lit. 118 79°) " (EtOH) 228, 317 nm.; a 2.16 (lB, br. s, exchangeable, 
max 
-SH), 7.82 (4H, ABq, arom). 
2. Prep'aration of N-acety.!systeine methyl ester 117 • A solution of di-
azomethane in ether was added slowly to a solution of N -acetyl cyst- . 
eine (2 g, 12 mmol) in methanol (40 ml). The progress of the reaction 
was monitored by TLC (silica gel, ether) and addition was stopped 
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when only a trace of N-acetyl-L-cysteine remained. After removal of 
the solvent, recrystallisation from ether-pet. ether (40- 60·) yielded the 
methyl ester as colourless crystals (1.6 g, 77%) m.p. 78_80· (lit. 57 
,.) 78_80·) v 3 320, 1 740 cm-I; a 1.7-2.0 (lH, br.s., exchangeable, 
max 
-Sti), 2.08 (3H, s, -COCH3), 3.02 (2H, 2xd, HS-CHz-), 3.82 (3H, s, 
I 
COZCH3), 4.89 (lH, t, -~!!l 6.2-6.6 (lH, s, exchangeable, NH). 
3. Prep'aration' of the sodium salt of 2_nitropropane45 • Sodium (5.8' g, 
0.25 g atom) was slowly added to dry methanol (100 ml) with stirring 
under nitrogen. When all the sodium had dissolved 2-nitropropane 
(22 g, 0.25 mol) was added and stirring continued for 30 min. The ex-
cess solvent was removed in vacuo at 60· and 1 mm to yield a free-
flowing white powde r (27.7 g, 100%), a (Dz~) 2.0 (s) • 
. 4. Preparation of the sodium salt of nftrocyclohexane45 • The proce-
dure of expt. 3 was followed, except that the crude white solid product 
was triturated with dry diethyl ether and filtered under a blanket of ni-
trogen before final drying in vacuo. a (DzO) 1.52 (6H, br.s) 2.33 (4H, 
m). 
5. Prep'aration of the sodium salt of ethyl diethyl malonate. Dry etha-
nol (100 ml) was placed in a three necked round bottomed flask flushed 
with nitrogen and stirring was commenced. Sodium (1.25 g, 54 mmol) 
was added in small lumps and the mixture stirred until the metal dis-
solved. Ethyl diethyl malonate (10 g, 53 mmol) was added and the re-
action mixture stirred for an hour. The solvent was removed in vacuo 
to yield a ~ite powder which was dried at 1 mm for five hours (11.1 g, 
100%). a (DzO) 1.10 (3H, t, CHzCH3 ), 1.24 (6H, t, OCHzC!:h). 3.64 (2H, 
q. C1:,Iz-CH3). 4.16 (4H. q, -O-C!!zCH3). 
6. Prep'aration of the sodium salt of E-thiocresol. Clean fresh sodium 
(9.7 g. 0.42 g atom) was added as small lumps. with stirring, to dry 
methanol (300 ml). A steady stream of nitrogen' was passed through 
the flask throughout the preparation. When all the metal had dissolved 
n-thiocresol (50 g, 420 mmol) was introduced over fifteen minutes,' and 
the reaction mixture stirred for two hours. The solvent was then re-
moved in vacuo at 40· to yield a white powder which was washed wi):h 
copious amounts of dry ether under an atmosphere of nitrogen and re-
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dried in vacuo. (60 g, 98'1.), m.p. 272-3°" (EtOH) 237 nm 
max 
(10,244); a (CD30H) 2.2 (3H, s, C!:h-) 7.02 (4H, abq, arom.). 
All thiophenol salts were stored ~ vacuo. All the salts were sus-
ceptible to oxidation to the corresponding sulphinate salts, and it 
should be stressed that oxygen must be rigorously excluded from con-
tact with the salts. It was found preferable to prepare the thiolate 
salts freshly before use. 
The following thiolates were prepared in the same way as the so-
dium salt of p.-thiocresol: 
p-chlorothiophenolate: m.p. 232_5°; " (EtOH) 279 (19,500) a (DMSO 
max 
d 6) 7.50 (s). 
p-nitrothiophenolate: m.p. >275°; " (EtOH) 424.5 (13,150)~ a 
max 
(DMSO d 6) 7.67 (ABq). 
Q-nitrothiophenolate' m. p. > 275 0; "ma~ (EtOH) 433 nm (12, 510)" a 
(DMSO d 6) 8.12 (2H, rn, arom), 8.55 (2H, rn, arom). 
sodium salt of 2-mercaptobenzothiazole. m.p. >275°j" (EtOH) 
max 
239, 255 (sh),3l8 nm. a (CD30D) 7. 30 (m). 
benzyl thiolate. m.p. >275°i " 217 nm,a (CD30D) 3.45 (2H, s, max 
-ClhS), 7.15 (5H, s, arom). 
7, . Preparation of 2-iodo- 2-nitroRroRaness , 2':Nitropropane (22.5 g, 
250 mmol) was added to a solution of sodium methoxide in methanol 
(made from 5.8 g of sodium in dry methanol (250 ml)). The mixture 
was stirred for an hour and the solvent was removed in vacuo, The 
resulting white solid was dissolved in ice-water (750 ml) and iodine 
(50,8 g, 200 mmol) in diethyl ether (250 ml) was added rapidly. The 
resultant two layers were separated and the aqueous portion extracted 
twice with ether (2x50 ml). The organic fractions were combined, 
washed with lO'1.-thiosulphate soln., and dried over MgS04' The sol-
vent was removed in vacuo, with the exclusion of light, to yield a co-
lourless, lachrymatory liquid, which darkened on standing. (30.50 g, 
71%):"v
max 
1 5401320 cm-I:, a (CC14) 2.46 (s). 
8·, Preparation of 2_bromo_2_nitroRroRaness , Aqueous sodium hydr-
oxide (40 g, 200 ml) and 2-nitropropane (89 g, 1 mol) were mixed in a 
round bottomed flask until a single layer was formed. Bromine (216 g, 
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t;' 
1.35 mol} was added slowly until the reaction mixture retained a slight 
brownish colour. The resultant two phases were separated. the aque-
ous layer discarded and the organic layer washed successively with 
10'1. thiosulphate soln •• 5'1. aq. sodium hydroxide. and distilled water. 
It was then dried (MgS04 ). and distillation in vacuo yielded a colour-
less. lachrymatory liquid. (141 g. 84'1.) b.p. 30° (1 mm) (lit. 55 61_62° 
(29 mm)} 'lzoD 01.4639 y (thin film) 1.554. 1.350 cm-I. a 2.27 (s). 
max 
9:. Prep'aration of 2-chloro-2-nitr0p.r0p.ane51 • 2-Nitropropan~ (89 g. 1 
mol) and aqueous sodium hydroxide (41 g. 400 ml) were mixed until one 
layer was formed. Chlorine was then passed through the reaction. 
mixture until it was no longer absorbed. The excess halogen was re-
moved at the water pump and the organic and aqueous layers were se-
parated. The organic layer was wash~d successively with 10'1. thio-
sulphate sOln.) 5% sodium hydroxide soln •• and distilled water and then 
dried (MgS04). It was then distilled ID vacuo (30 mm) to yield a colour-
less liquid. (94 g. 76%) b.p. 48_50° (lit. 55 49° (30 mm)} 'lzoD 1.4260 
y 1 570.1 350. a 2.14 (8). 
max 
10. !~o!o!H1aration of 2,2-dinitr0p.r0p.ane 119 • A fresh solution of 2-nitro-
propane (3.6 g. 40 mmol). sodium nitrite (1. 8 g. 26 mmol) and aque-
ous sodium hydroxide (1. 7 g. 16 ml) (mixed for ca. 30 min.) was pour-
ed into a stirred mixture of aqueous silver nitrate (14.1 g. 83 mmol). 
sodium hydroxide (2- 3 drops until silver oxide appeared). and diethyl 
ether (30 ml) at 0-5 0. A cream coloured solid was formed. Blacken-
ing rapidly followed with formation of a silver mirror. After a few 
minutes the cooling bath was removed and the mixture was stirred for 
a further half-hour. The silver was filtered through Hi-fio supercel 
and the cake washed with ether-benzene. The ether and benzene were 
removed on a rotary evaporator and the residue distilled in vacuo to 
yield a colourless solid. (5.36 g. 71'1.) b.p. 56_60° (3 mm) (lit.119 
185° (276 mm}) m.p. 51_53° (lit. 119 53°) y 1 570. 1 340 cm-I a 
. max 
(CDC13) 2.19 (s). 
11. Prep'aration of l-methy'l-l-nitroethy'l pheny'l sulEhone55 • 2-Bromo-
2-nitropropane (3.36 g. 20 mmol) and the sodium salt of benzene-sul-
phinic acid (4.92 g. 30 mmol) were stirred together in dry DMF (190 
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ml) at _20° under nitrogen for two hours. The reaction mixture was 
illuminated with two 15 w fluorescent tubes. The reaction mix was 
poured into a beaker containing distilled water (200 ml) overlayered 
with benzene (200 ml). The aqueous fraction was extracted with two 
portions of benzene (100 ml) and the combined benzene fractions wash-
ed thoroughly with distilled water. Removal of the benzene !!l vacuo 
gave a white solid which was recrystallised from absolute ethanol to 
give l-methy~-l-nitroethyl phenyl sulphone as colourles s crystals. 
(3.54 g, 77%) m.p. 115_7° (lit. 55 116_7°) v 1 550, 1 343, 1 334, 
max 
-I . 1 160, 1 140 cm a 1. 95 (6H, s, CH3), 7.71 (5H, m, arom). 
12. Preparation of 2_(E_nitrophenylazo)_2_nitropropane45 • p-Nitroben-
zenediazonium tetrafluoroborate (2.3 g, 10 m~ol) was dissolved in dry 
DMF (50 ml) in a three-necked round bottomed flask and the soln. de-
oxygenated for 15 mins. with dry Nz. The sodium salt of 2-nitropro-
pane (1.1 g, 10 mmol) was added and the reaction mixture stirred for a 
further 15 mins. under Nz. It was poured into ice-water (100 ml), and 
extracted into ether (3x50 ml). The combined extracts were washed 
with water (4x30 rnl), and dried over MgS04 • Removal of the solvent 
ill vacuo yielded a yellow solid, recrysta11ised from methanol to give 
yellow crystals of 2-(p-nitrophenylazo)-2-nitropropa~e (0.5 g, 25%) 
m.p. 102_04° (lit. 45 104°) v . (NuJ'ol) 1 550, 1 530, 1 350 Cm-I a 
, max 
1. 95 (6H, s, CH3), 7.87 (2H, d, arom), 8.35 (2H, d, arom), m! e 192, 
151, i23, 106, 70. 
13. 'Preparation of 2-methyl-2-nitropropane 1zo • Tert-butylamine (50 g, 
14. 
680 mmol) was added to a stirred mixture of potassium permanganate 
(325 g, 2.05 mol) in water (1.3 1) over fifteen minutes. After stirring 
at room temperature for eight hours the temperature was maintained 
at 55 ° for another eight hours. The product was isolated by steam di-
stillation, the oil was washed with dilute acid arid then with water. 
Fractional distillation gave 2-methyl-2-nitropropane as a colourless 
liquid boiling at 127-9°. (56 
v (thin film) 3 000, 1 550, 
max 
g, 80%) m.p. 25_26° (lit. IZO 26°) 
1 360 cm-I a (CC14 ) 1.60 (s). 
PreI'aration of 2,3-dimethyl-2,3-dinitrobutane54 • The sodium salt 
of 2-nitropropane (11.1 g, 100 mmol) and 2-bromo-2-nitropropane (16.8 
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g. 100 nunol) were mixed in DMF (250 ml) under Nz. The mixture was 
stirred for two hours. and poured into ice-water (500 ml). Extraction 
into ether (4x50 ml) and washing of the combined extracts with distilled 
water was followed by drying over anhydrous magnesium sulphate. 
Removal of ether in ~ yielded a white solid. which was recrystal-
lised from abs. ethanol to give the dinitrobutane as colourless crys-
tals. (15.5 g. "88'}'.) m.p. 215_16° (lit. sl 208_9°) v 1 560. 1 350 
. . max 
cm- I a 1.74 (s). 
\ \ \ 
" \ 
15. Prep'aration of .E.:-dinitrobenzenelzl. I2-Nitroaniline (34 g. 0.25 .mol) _ 
was dissolved in fluoroboric acid (1l0 ml) in a beaker. The beaker was 
placed in an ice bath and the solution was stirred with a large magnetic 
, 
stirrer. A cold solution of sodium nitrite (17 g. 0.25 mol. in 34 ml of 
water) was added drop by drop. When' the addition was complete the 
mixture was stirred for a few minutes and filtered by suction. The 
solid diazonium fluoroborate was washed with cold fluoroboric acid 
(125 ml) and then twice with absolute alcohol. then several times with 
ether. 
Sodium nitrite (200 g. 2.88 mol) was dissolved in water (400 ml) 
and copper powder (40 g) was added and the mixture stirred. A sus-
pension of the p-nitrophenyl diazonium fluoroborate in water (200 ml) 
was slowly added. Frothing occurred and this was controlled by add-
ing small portions of ether. The product was filtered off. washed tho-
roughly with water. dilute sodium hydroxide and then with water again. 
The solid was dried at 110° and then extracted several times with ben-
zene. The benzene was removed in ~ and the residue was recry-
stallised from glacial acetic acid to give red crystals of l2-dinitroben-
zene (31 g. 73'}'.) m.p. 172_3° (lit,us 172_3°) v 1 550. 1 360. 850. 
max 
720 C-m- I " 266 (4.16) a 8.30 (s. arom). 
max . 
16. Preparation of di-(E-chlorop.heny,!) disulp'hide 1zz . I2-Chlorophenyl 
thiol (74 g. 0.52 mol) was added with stirring to a solution of sodium 
hydroxide (20.8 g. 0.52 mol) in distilled water (500 ml). A solution of 
iodine (130.7 g. 0.315 mol) and potassium iodide (85.5 g. 0.52 mol) in 
water was then added slowly until a slight colour remained after tho-
rough mixing. The precipitate was filtered off and recrystallised from 
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ethanol to give colourless plates (70 g, 94%) m.p. 75° (lit. liS 73°) 
v 1 lOO, 828 cm -I a 7.20 (4H, ABq, arom). 
max " 
The following disulphides were prepared in a similar manner, and 
in similar yields 
di-(p-tolyll disulphide. m.p. 47_48° (lit. liB 47_48°) v 1 600, 810' 
max 
-I 
cm a 2.33 (6H, s, CH3), 7.60 (8H, ABq, arom). 
dibenzyl disulp"hidel m.p. 72_3° (lit. liB 71_72°) 
3.65 (4H, s, CHz), 7.20 (lOH, s, arom). 
17. ' Di"N-acetyL£ystine dimethyl ester was obtained from' the reaction 
of N-acetyl cysteine methyl ester and 2-bromo-2-nitropropane as de-
scribed elsewhere (/lee expt. 22£). 
18. PreEaration of d.i- (2-aminopheny.lJ disulphide. A mixture of 2_, , ' 
19. 
, 
bromo-2-nitro-l,3-dihydroxy propane '(7. 5i!;, 36.8 mmol), NaZC03 
, , ' 
(8.9 g, 36.8 mmol) andQ-amfnophenyl thiol (4.6 g, 36.8 mmol) was 
stirred in distilled water (250ml) at 0° for five minutes to give a yel-
lowish precipitate. This was extracted into ether (4x20 ml), the or-
ganic layer dried with MgS04 , and the solvent removed on a rotary 
evaporator'. The yellow solid so obtained was recrystallised from 
ethanol to yield yellow crystals (4 g, 87%) m.p. 90_92° (lit. liB 93°) 
v, 3400, I 620 cm-I a 4.33 (4H, br.s, NHz) , 6.68 (4H, m, arom), max 
7.20 (4H', m, arom). 
Preparation of benzy1.2,p-dinitroJlheny:1 disulJlhide lz3 • Q,I1-Dinitro-
phenyl sulphenyl chloride (Z. 3 g, 10 mmol) was heated in distilled ace-
'tic acid (50 ml) on a water bath until most of the solid had dissolved. 
Benzyl thiol (1. 24 g, 10 mmol, 1.3 ml) in acetic acid (10 ml) was added 
. with stirring and the mixture war-med for ZO min. on a steam bath. 
The solvent was removed in Yi!££Q to give a crude solid product which 
was recrystallised with some difficulty from boiling ethanol. 
56%) m.p. 142° (lit. IZ3 144°) v 1520, 1 355'cm- 1 a 4.03 
max' 
(1. 8 g, 
(2H, s, 
CHz), 7.Z0(5H, br.s, arom), 8.10 (2H, m, arom), 8.97 (lH, m, 
arom). 
ZO. General reaction method used for the reaction of Q!- substituted nit-
!:2proEanes with thiolate anions. Dry DMF (Z5 ml) was pipetted into 
a three necked round bottomed flask fitted with a' magnetic stirrer bar, 
~. 11Z ~' 
21. 
nitrogen inlet, stopper, and a drying tube containing silica' gel. ' Nit-
rogen was bubbled through the solvent for half an hour before, and 
throughout, the reaction. The salt of the thiol, or the thiol and an 
equivalent of sodium methoxide, was introduced into the flask and stir-
ring was commenced. After a few minutes an equimolar amount of the 
a-substituted nitropropane was added and the reaction mixture illumi-
nated with two 15 w fluorescent tubes from a distance of about 15 cm. 
After a suita.ble time the reaction mixture was poured into ice-water 
(50 ml) and extracted into ether (4x20 ml). Common salt was some-
times added to aid separation. The combined ether layers were wash-
ed with distilled water (4x20 ml) and dried over MgS04 • Removal of 
the solvent in vacuo yielded the crude product. The unreacted thiolate 
remained in the aqueous extract. 
Reaction of 2-iodo-2-nitrop'ropane with thiolates (a) with the 
sodium salt of p.-thiocresol. Using the standard method (expt. 20) 
freshly prepared 2-iodo-2-nitropropane (420 mg, 2 mmol) was reacted 
with the sodium salt of l2-thiocresol (280 mg, 2 mmol) to give an off-
white solid (310 mg) as crude product. Separation by preparative TLC 
(Silica gel/pet-ether 40°/60°) gave di-(Il-tolyl)-disulphide (177 mg, 78 
7S%) m.p. 47-4So (lit. liB 47°) LR. spectrum identi~al to that obtain-
ed from an authentic sample, and 2,3-dimethyl-2,3-dinitrobutane (130 
mg, 75%) m.p. 212-3° (lit. Sl 208-9°). Admixture with an authentic 
sample did not depress the m.p. 
b) with'the sodium salt of o-nitrothiopheno1. Using the standard 
metho,d (expt. 20) the sodium salt of Q-nitrothiophenol (350 mg, 2 mmol) 
. and 2-iodo-2~nitropropane (420 mg, 2 mmol) were reacted. Normal 
work-up resulted in the precipitation of a yellow solid which was col-
lected by filtration. Removal of the solvent from the filtrate in vacuo 
yielded a yellOW solid as crude product. An NMR spectrum of this 
material showed the following peaks a 1.74 (s) 2.4 (s), 7.l-S.5 (m). 
The crude was leached into ether. Removal of the solvent in Yl!:-
£!!2 and recrystallisation from methanol gave 2,3-dimethyl-2,3-dinitro-
butane (160mg, 9S%) m.p. 210-12° (lit. 51 20S_9°) LR. identical to au-
thentic sample. 
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The ether-insoluble fraction and precipitate Inelted at 190-98° and 
had an 1. R. spectruIn identical to an authentic saInple of di- (Q-nitro-
phenyl) disulphide (280 Ing. 97%) 
c) with the sodiuIn salt of Il-chlorothiophenol. The salt (330 Ing. 
1. 9 mmol) and 2-iodo-2-nitropropane (420 Ing. 2 Inmol) were reacted 
to yield a white-yellow solid as crude product. Yields were estimated 
by NMR spectr.oscopy as follows: di-(p.-chlorophenyl) disulphide (200 
mg. 75%) 2.3-dimethyl-2.3-dinitrobutane (140 mg. 80'1.). Analytical 
TLC (pet-etlier 40°/60° and CC14 ) showed the presence of only these 
two compounds. 
22. Reactions of 2- bromo-2-nitrop'roIlane a) with the sodium salt 
of benzy'l thiol. The salt (320 Ing. 2 InInol) and 2-broIno-2-nitro-
propane (330 Ing. 2 InInol) were reacted for 4 hrs. in the standard 
Inanner (expt. 20). The crude product was separated by preparative 
TLC (pet. ether) to give dibenzyl disulphide (224 Ing. 86'1.) and 2.3-di-
Inethyl-2.3-dinitrobutane (147 Ing. 89'1.). COInparison by NMR. lR. 
and In. p. or. GLC with authentic saInples confirIned the identity of the 
products .. 
b) with the sodium salt of phenyl thiolate. 1) reaction of the thio-
late with oxygen in the absence of 2-broIno-2-nitropropane. The 
salt (2 g. 15 InInol) was stirred in oxygenated DMF (gentle streaIn of 
Oz) for 24 hrs. The reaction Inixture was poured into water and ex-
tracted with ether. The ether extract was washed with water. dried 
(MgS04). and the solvent reInoved in vacuo to give an off-white solid 
(310 Ing. 17%). An NMR spectruIn of this Inaterial was as follows a 
2 •. 33 (s. 6H) 7.19 (ABq. 8H). The lR spectrum was identical to that 
of an authentic saInple of diphenyl disulphide. The NMR spect-
rUIn indicated that no other products were present. 
ii) reaction with one equivalent of salt. The sodiuIn salt of thio-
phenol (1.8 g. 13.6 mInol) and 2-broIno-2-nitropropane (2.3 g. 13.6 
Inmol) were reacted in the standard Inanner for 2 hrs. Yields were 
estiInated from an NMR spectrum of the crude product as diphenyl di-
sulphide (2.5 g. 87%) and 2.3-diInethyl-2.3-dinitrobutane (2.1 g. 89%). 
The identity of the products was confirIned by analytical TLC (pet. 
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ether and ether {pet. ether mixtures) against authentic samples. 
A reaction conducted at -20· gave the,disulphide (82%) and 2,3-di-
methyl-2,3-dinitrobutane (81%) 
Hi) reaction with two equivalents of salt. The salt (1. 8 g, 13. 6 
mmol) and 2-bromo-2-nitropropane (1.14 g, 6.8 mmol) were reacted 
in the standard way for 2 hrs. Yields were estimated from an NMR 
spectrum of the crude product to be as follows. diphenyl disulphide 
(1.4 g, 98%) .and 2,3-dimethyl-2,3-dinitrobutane (340 mg, 371.). The 
products were separated by preparative GLC to give samples which 
were identical to authentic samples. 
iv) reaction with the salt in methanol. 
- . 
A gentle flow of nitrogen 
was passed through dry methanol (25 ml) contained in a three-n~cked 
round bottomed flask. The sodium· salt of thiophenol (250 mg, 1. 9 mm 
mmol) was added, and the mixture was stirred until the salt dissolved. 
2-Bromo-2-nitropropane (185 mg, 1.1 mmol) was rapidly introduced, 
and GLC analysis was carried out immediately. This indicated that all 
the starting 2-bromo-2-nitropropane had been consumed. A small 
peak was apparent with a longer retention time, but this was absent 
when analysis was repeated after a further 10 mins. The methanol was 
removed in ~ to give a white solid (530 mg), which was leached 
with chloroform to give a soluble portion (216 mg) which was identical 
(by m. p., NMR) in all respects to an authentic sample or" diphenyl di-
sulphide (96%), and an insoluble fraction (117 mg). A NMR spectrum 
(DzO) showed only a singlet at a 1. 70, suggesting that this product was 
the sodium salt of 2-nitropropane (96%). 
c) with the sodium salt of p-thiocresol. The salt (280 mg, 1. 91 
mmol) and 2-bromo-2-nitropropane (320 mg, 1.9 mmol) were reacted 
by the standard method for 4 hrs. Analytical TLC showed the pre-
sence of only di-~-tolyl disulphide and 2,3-dimethyl-2,3-dinitrobutane, 
and an NMR spectrum of the crude was consistent with this. Estim-
ates of yields from the NMR of the crude: disulphide (210 mg, 90%), 
2,3-dimethyl-2,3-dinitrobutane (78 mg, 471.). 
Other runs gave the disulphide (98%) and the dinitrobutane (59%). 
d) with the sodium salt of p-chlorothiophenol. i) standard. The salt 
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(330 mg, 1.98 mmol) and 2-bromo-2-nitropropane (330 mg, 1.96 mmol) 
were reacted by the standard method for 2 hrs. N.MR analysis of the 
, . 
crude product indicated the presence of only di-(p,-chlorophenyl) di-
sulphide (200 mg, 70%) and 2,3-dimethy1.-2,3-dinitrobutane (126 mg, 
73%). Separation by preparative TLC (pet-ether) and identification by 
m.p., NMR, and IR confirmed these assignments. 
H) in the presence of galvinoxy1. Ga1vinoxyl (750 mg, 1. 8 mmol), 
- . 
the salt (190 ~g, 1.14 mmol) and 2-bromo-2-nitropropane (168 mg, 1 
mmol) were reacted in the usual way for 2 hrs. to give 990 mg of 
crude product. Separation by preparative TLC (pet-ether) of 282 mg 
gave di-(p,-chlorophenyl) disulphide (34 mg, 71% overall). 
Hi) blank experiment. Galvinoxyl (450 mg, 1 mmol) and the salt 
(160 mg, 0.96 mmol) were reacted for 2 hrs. Separation by prepara-
, tive TLC (pet-ether) gave di-(p,-chlorophenyl) disulphide (120 mg, 79%), 
identical to an authentic sample (NMR, IR). 
e) with 2-mercaptoethano1. The thiol (2 g, 25.6 mmol) was stir-
red with sodium methoxide (1.4 g, 25 mmol) in dry methanol under Nz. 
2-Bromo-2-nitrc;>propane (2.15 g, 12.8 mmol) was added and the mix-
ture stirred under illumination (2x15 w fluorescent tubes) for 1 hr. at 
25·. The solvent was ~emoved iD YS£.!!Q and 'the residue leached into 
chloroform. Removal of the latter iD vacuo gave a crude product (2.1 
g). '" An NMR spectrum of this material was as follows a 3.95 (t) 
2.94 (t), and minor singlets at a 2.16 and 1. 74, consistent with the 
presence of the corresponding disulphide (80%), a little starting ma-
, '. . 
terial (5 '1.) and 2,3-diniethyl-2,3-dinitrobutane (neg.). 
f) with N-acetyl-L-cysteine methyl ester. The thiol (354 mg, 2 
mmol) and sodium methoxide (1 equiv.) were mixed in DMF for 30 
mins. 2-Bromo-2-nitropropane (336 mg, 2 mmol) was added under 
the standard reaction conditions. Analysis of the crude by NMR led to 
the following estimated yields: di-(N-acetyl)-cystine dimethyl ester 
(60'1.) and 2,3-dimethyl-2,3-dinitrobutane (64%). GLC analysis of an 
extract of the carefully acidified aqueous layer (dil. acetic acid) indi-
cated that only a trace of 2-nitropropane was present. Recrystalli-
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sation of the crude from ether/pet-ether gave the disulphide (78 mg, 
28%) m.p. 127-8° (lit. 1Z5 l28-9°) v 3 430, 3 320, 1 740, 1 665, 
max 
1 500 a 2.04 (6H, s, COMe), 3.16 (4H, d, SCHz), 3.73 (6H, s, COzMe), 
4.81 (2H, rn, CH-), 7.09 (2H, d, NH) m/e 352, 176, 144, 134, 118, 
102, 60, 41 
g) with the sodium salt of o-nitrothiop'heno1. y standard. The 
salt (347 mg, 1.96 mmol) was reacted with 2-bromo-2-nitropropane 
(329 mg, 1. 9.6 mmol) under standard conditions. An NMR spectrum of 
the crude (460 mg) indicated the following yields of products I-methyl., 
I-nitroethyl .Q.-nitrophenyl thioether (75%), di-C2-nitrophenyl) disul-
phide (42 mg, 14'1.) and 2,3-dimethyl-2,3-dinitrobutane (19 mg, 11%). 
Recrystallisation of the crude from cyclohexane gave the thioether (150 
mg, 32'1.) m.p. 81_82° (lit. 69 81_2°) v 1 535, 1 345 cm- 1 a 1.80 
max 
(6H, s, Me), 7.70 (4H, rn, arom). 
ii) inhibition by .E.-dinitrobenzene. E.-DNB (10 mol '1.) was introduced 
into the reaction flask prior to the addition of 2-bromo-2-nitropropane 
(184 mg). Estimates of the yields of products from an NMR of the 
crude product (226 mg) were as follows l-methyl-l-nitroethyl.Q.-nitro-
phenyl thioether (170 mg, 36'1.) and di-(ll-nitrophenyl) disulphide (96 
mg, 32'1.). 
iii) inhibition by molecular oxygen. The salt (90 mg, 0.5 mmol) 
and 2-bromo-2-nitropropane (87 mg, 0.5 mmol) were reacted by the 
standard method except that oxygen, not nitrogen, was passed through 
the reaction mixture. The crude yield was 40 mg •. An NMR spectrum 
of the material showed that none of the a-nitrothioether had been for-
med. 
iv) inhibition by galvinoxy1. The reaction was carried out as in ii) 
with galvinoxyl (5 mol %) added. Estimated yields based on an NMR 
spectrum of the crude product (285 mg) were the a-nitrothioether (175 
mg, 37'1.) and the disulphide (nO mg, 27'1.). 
v) dark reaction. The reaction was carried out using 1 mmol of . 
each reactant, as in i) except that the flask was completely wrapped in 
aluminium foil. The crude yield was 180 mg. The estimated product 
yields based on an NMR spectrum of the crude were the disulphide (87 
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mg, 57%), the a-nitrothioether (99 mg, 41%) and 2,3-dimethyl-2,3-di-
nitrobutane (5 mg, 5%). 
h) with the sodium salt of 2-mercaptobenzothiazole. Reaction 
of the salt (375 mg, 2 mmol) and 2-bromo-2-nitropropane (340 mg, 2 
" mmol) under standard conditions gave a peach-coloured solid as crude 
product. An NMR spectrum of this material indicated the presence of 
essentially pure a-nitrothioether. Recrystallisation from pet. ether 
gave colourl~ss crystals of I-methyl-l-nitroethyl 2-benzothiazolyl thio-
ether (460mg, 89%) m.p. 80_81° (Found C, 46.7 H, 3.93 N, 11.0 
S 26.1. CloHloNzOzSz requires C, 47.2 H, 3.93 N, 11.0 S 25.2) 
v 1 540, 1 325 cm -I a 2.05 (6H, s, CH3 ) 7.62 (4H, m, arom). 
"max " 
Similar expts." gave yields of 90% and 80%. 
ii) under oxygen. The reaction wa's carried out as in i) to give a 
crude yield of 66 mg. An estimate of the yield of a-nitrothioether ba-
sed on an NMR spectrum of the crude was 8 mg, 1. 5%. The remain-
der appearedto be the corresponding disulphide. 
j) with the sodium salt of p-nitrothiopheno1. The salt (117 mg, 1 
mInol) and 2-bromo-2-nitropropane (168 mg, 1 mmol) were reacted in 
the standard way for 2 hrs. The initially deep red reaction mixture 
rapidly lost its colour. Crude yield (182 mg, 82'1.) of I-methyl-l-nit-
" roethyl ~-nitrophenyl thioether, which an NMR spectrum showed to be 
essentially pure. 
A larger scale reaction gave a 74% yield (after recrystallisation 
from ether) of the thioether, m.p. 102_4° (Found C, 44-75 H, 4.2 
N, 11.2 S, 13.0 C9HIONz04S requires C, 44.6 H, 4.1 N, 11.57 S, 
13.2) v 1 600, 1 535, 1 345 cm- I a 1.88 (6H, s, CH3), 8.00 (4H, max 
abq, arom). 
Other similar reactions gave 85% and 75% yields respectively. 
23. Reaction of 2-bromo-2-nitrop'rop'ane with p'lieny:l thiolate in the 
p'resence of one equivalent of norbornadiene. a) Blank experiment. 
The salt (275 mg, 2 mmol) and norbornadiene (192 mg, 2.1 mmol) 
were stirred together in dry DMF for 4 hrs. under Nz at -5 0. The re-
action mixture was then poured into ice-water and extracted into ether. 
The aqueous layer was acidified with dil. hydrochloric acid and extra-
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cted into chloroform to yield phenyl thiol (110 mg, 48'1.), having an I.R. 
spectrum identical to that of an authentic sample. The ether extracts 
were carefully distilled, first using a water bath and then an oil bath, 
but no products could be detected. 
b) Test eXp'eriment. The salt (252 mg, 1. 9 mmol), norbornadiene 
(180 mg, 2 mmol) and 2-bromo-2-nitropropane were stirred together 
under Nz at -5 ° for 4 hrs. The reaction mixture was poured into ice-
water and extracted into ether. The aqueous layer was acidified and 
extracted into chloroform but no products were obtained. The ether 
layer was stripped of solvent in ~ and the crude product passed 
down a short silica column (25 g) using pet-ether/ether mixtures as 
eluent, gradually making the solvent more polar. The first fractions 
contained diphenyl disulphide (178 mg,' 86%), identical in all respects 
to an authentic sample. No other products were detected. 
24. Reaction of the sodium salt of dibenzy.!..phosp'hine oxide and 2-
bromo-2-nitrop.!.Qp~. Dibenzyl phosphine oxide (3.34 g, 14.5 
mmol) was added, with stirring to a solution of sodium methoxide (788 
mg, 14.5 mmol) in methanol (50 ml) under nitrogen. 2-Bromo-2-nit-
ropropane (2.44 g, 14.5 mmol) was introduced and the reaction was 
allowed to proceed. Aliquots were. removed at intervals for TLC ana-
lysis (silica gel, ether-pet-ether ldl). After twenty-four hours the 
solvent was removed and the crude product extracted between chloro-
form and water. The organic extracts were combined and dried over 
magnesium sulphate. Removal of the solvent in vacuo and recrystal-
lisation of the crude from ether gave white crystals 'of dibenzyl phos-
phinic acid, methyl ester (2.27 g, 62'1.) m.p. 73_4° (lit. IZ4 75°) 
-I 
Y 1610, 1 230 cm a 3.07 (4H, d, -CHz-), 3.50 (3H, d, -OCH3 ), max . - -
+ 7.20 (lOH, s, arom) m/e 260 (M ), 245, 229, 169, 121, 105, 78. 
Other reactions gave yields of 55 and 61% •. 
25. Inhibition of the synthesis of disulp'hide by molecular oxyg!ill.. 
The reactions of thiolates with 2-bromo-2-nitropropane under oxygen 
and nitrogen to ,test for the presence of the 2-nitropropyl radical were 
conducted using the standard reaction technique (expt. 20). lxlO- z mol 
of 2-bromo-2-nitropropane was used in each case. The results of 
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these experiments are summarised in the table. 
Reaction of thiolates with 2- bromo-2-nitropropane. 
Thiolate E~uivalents Atmosphere Yield of disulphide 
Tolyl 2 Nz 4S
a 
Oz 4S 
Tolyl 10 Nz 44 
Oz 37 
Phenyl 2 Nz 33 
Oz 37 
a 2,3-dimethyl-2,3-dinitrobutane (2S~) also isolated. 
The crude reaction mixtures were separated by preparative TLC 
(pet-ether). The reactions were each run for 30 mins. at room tem-
perature. Freshly.prepared thiolate was used in each case. 
26. Reactions of a-substituted nitrop'ropanes with thiolates in str.rene. 
The solvent, styrene, was freshly distilled before each experim-
ent under vacuum using a Vigreux column at ca. 35'., It was destabi-
Hsed prior to distillation by washing it repeatedly with 10% NaOH soln. 
The method used for the reactions was that of Flesia et al9Z. The 
sodium salt of thiophenol was freshly prepared, and thoroughly washed 
with diethyl ether under Nz. 
The sodium salt of thiophenol (10 mmol) was stirred with the sub-
strate (10 mmol), under Nz in freshly distilled styrene (25 ml) at lS' 
for 72 hrs. (or 40' for 6 hrs.). At the end of this time the reaction 
mixture was poured into absolute ethanol (250 ml). The whole mixture 
was then centrifuged, washing the precipitate thoroughly, to give ei-
ther a white of gummy solid which was dried overnight in an oven at ca. 
SO'. A small portion was taken to use as a sample for I.R. analysis. 
In each case the spectrum obtained was very simllar to the spectrum 
of an authentic sample of polystyrene. 
The results obtained are given in the table. 
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Reactions of anions with various substrates in sty:rene. 
Anion Substrate Wt of Polystyrene g 
Phenyl thiolate b a .05a none .09 , .01 , 
None 2BNP b .14 , .lla 
Phenyl thiolate 2BNP a .20 , .2Sb 
Phenyl thiolate" 2CNP .1S 
Tolyl thiolate 2BNP .26a 
T 01 y 1 thiola te £DNB .19a, c 
2-Nitropropanide 2BNP a .05 , .06b 
a 6 hrs. at 40· b 72 hrs. at IS· c pDNB impurity 
2BNP = 2-bromo-2-nitropropane 2CNP = 2-chloro-2-nitropropane 
pDNB = E-dinitrobenzene. 
Isolation of products. The alcohol washings from the reaction of 
phenyl thiolate and 2-bromo-2-nitropropane conducted at 60· were 
collected, and the solvent and excess styrene were removed in vacuo. 
The resultant solid was recrystallised from ethanol to give colourless 
. 
crystals of diphenyl disulphide (507 mg, 50%) as sole product, identi-
. ca! in every respect to an authentic sample of the disulphide, accor-
ding to analysis by I. R .. NMR spectroscopy and m. p. 
Reaction of l-bromo-l,l-dinitroethane. a) with the sodium salt 
of thiophenol. . A gentle flow of Nz was bubbled through methanol (25 
ml) contained in a three necked rC;lUnd bottomed flask for 30 min. The 
sodium salt (260 mg, 2 mmol) was added and the reaction mixture stir-
red until all the solid dissolved. l-Bromo-l,l-dinitroethane (197 mg, 1 
mmol) was then added, and the reaction mixture immediately turned 
bright yellow. GLC analysis showed that all the dinitroethane had been 
consumed. Quantitative U • V. indicated an S9% yield of the anion of di-
nitroethane. The methanol was removed in vacuo to give a yellowish 
solid (450 mg). The crude was leached into chloroform. Removal of the 
solvent gave a white solid (200 mg, 92%) identical in all respects to an 
authentic sample of diphenyl disulphide. The residue from the leach-
ing weighed 210 mg. An NMR spectrum (DzO) consisted only of a sing-
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let at ca, 2.30a. assigned to the anion of l.l-dinitroethane. No thio-
late anion was present. 
Reactions of 2-chloro-2-nitroRropane 
--
a} with the sodium salt 
of benzy'l thio1. The salt (320 mg. 2.2 mmol) and 2-chloro-2-nitro-
propane (230 mg. 1. 9 mmol) were reacted by the standard method 
(expt. 20) for 4 hrs. The crude (290 mg) was separated by preparative, 
TLC (ether/pet-ether 2 3) to give dibenzyl disulphide (230 mg. 87%) 
and 2. 3-dim/lthyl- 2.3-dinitrobutane (46 g. 28%). The products were 
identified by virtue of their m.p. s. I.R .• and NMR spectra. GLC 
analysis of the ether extract showed no trace of the chloronitropropane. 
b} with the sodium salt of thiopheno1. 2-Chloro~2-nitropropane 
(245 mg. 1. 9 mmol) was reacted with the sodium salt of thiophenol (254 
mg. 1.9 mmol) for 4 hrs. in the" standard manner to give a crude pro-
duct (160 mg). The crude was separated by preparative TLC (pet. 
ether} to give diphenyl disulphide (110 mg. 52'1.) and 2.3-dimethyl-2.3-
dinitrobutane (24 mg. 13 %). Identity of the products was confirmed by 
analytical TLC. m.p •• and I.R. data. 
c} with the sodium salt of R-chlorothiophenol. Using the standard 
reaction method. 2-chloro-2-nitropropane (250 mg. 2.1 mmol) and the 
salt (350 mg. 2.1 mmol) were reacted for 4 hrs. to give di-CIl-chloro-
phenyl} disulphide (67 mg. 32%) and l-methyl-l-nitroethyl p.-chloro-
phenyl thioether (170 mg. 35%). separated by washing the crude pro-
duct with ice-cold pet-ether. The thioether is insoluble. Identities 
'were established from I.R •• NMR. and m.p. data." 
d} with the sodium salt of o-nitrothiop'heno1. The salt (370 mg. 2.1 
=mol) and 2-chloro-2-nitropropane (224 mg. 1. 77 mmol) were reacted 
by the standard method for 5 hrs. to give a crude product weighing 370 
mg. The following yields are estim~tes based on an NMR spectrum of 
the crude: 2-chl~ro-2-nitropropane (57'1.). I-methyl':Hnitroethyl 2-
nitrophenyl thioether (34'1.) and di-(Q-nitrophenyl} disulphide (14'1.). 
29. Reactions of 2.2-dinitrop.!£'p~. a} with the sodium salt of 
!hl9pheno1. The salt (260 mg. 2 mmol) and 2,2-dinitropropane (260 
=g. 2 mmol) were reacted under standard conditions for 16 hrs. Yie-
lds of products were estimated by NMR from a spectrum of the crude 
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(402 mg) as follows diphenyl disulphide (214 mg, 92%), 2,3-dimethyl-
2,3-dinitrobutane (170 mg, 42%) and 2,2-dinitrobutane (18 mg, 7%). 
The identity of the disulphide was confirmed by isolation by prepara-
tive TLC (ether/pet. ether 2:3). 
A similar reaction rUn for 4 hrs. gave only starting material. 
b) with the sodium salt of E-chlorothiophenol. The salt (330 mg, 2 
mmol) and 2,2-"dinitropropane (260 mg, 2 mmol) were reacted for 18 
hrs. to give an off-white solid as crude product. Recrystallisation 
from hexane gave white crystals (290 mg, 69%) of I-methyl-l-nitro-
ethyl ~-chlorophenyl thioether, identified by I.R., NMR, TLC, and 
m.p., as sole product. 
Other runs gave yields of 50 and 551 •• " 
When the same reaction, using the same weights of starting ma-
terials, was conducted under oxygen a crude yield of 90 mg was reali-
sed. An NMR of the crude showed that none of the thioether had been 
formed. Recrystallisation of the crude material gave di-(p.-chloro-
phenyl) disuiphide (85 mg, 30'1.), identical to an authentic sample by 
I.R., NMR, and m.p. 
c) with the sodium salt of benzyl thiol. The salt (300 mg, 2 mmol) 
and the dinitropropane (260 mg, 2 mmol) were reacted in the standard 
way for 4 hrs. to give dibenzyl disulphide (240mg, 91'1.) and 2,3-di-
methyl-2,3-dinitrobutane (25 mg, 151.) separated by preparative TLC 
!ether/pet-ether 3:22) and identified by virtue of their NMR and I.R . 
. spectra. 
d) with the sodium salt of o-nitrothiophenol. 2,2-Dinitropropane 
(260 mg, 2 mmol) and the salt (350 mg, 2 mmol) were reacted for 24 
hrs. to give a pale solid as crude product (260 mg) j The following yi-
elds are estimates based on the integration of an NMR spectrum of the 
crude: I-methyl-l-nitroethyl-g-nitrophenyl thioether (180 mg, 55%), 
di-(2-nitrophenyl) disulphide (40 mg, 9%) and 2,2-dinitropropane (50 
mg, 27'1.). 
A similar expt. gave the following yields: .Q-nitrophenyl thioether 
(46%), di-(2-nitrophenyl) disulphide (5%), 2,2-dinitropropane (24%). 
Reactions of I-methyl-l-nitroethy.LPhenyl sulp~ a) with the 
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31. 
sodium salt of p-thiocresol. U sing the standard method (expt. 20) 
the salt (292 mg, 2 mmol) was reacted with the sulphone (440 mg, 1. 9 
mmol) for 4 hrs. to give an off-white solid as crude product (410 mg). 
The NMR and 1. R. spectra of this product were identical to those of 
the starting material, giving a recovery of 93'1 •• 
b) with the sod!um salt of thiophenol. Using the standard method, 
the salt (294 mg, 2.2 mmol) and the sulphone (458 mg, 2 mm,ol) Were 
reacted, and-the crude product separated by preparative TLC (ether / 
pet-ether 40/60° 2:3) to give the following (identified by LR. andNMR): 
diphenyl disulphide (117 mg, 48%), 2,3-dimethyl-2,3-dinitrobutane (8 
mg, 3'1.), and starting material (175 mg, 38%). A similar expt. gave 
the disulphide (40%) and starting mate~ial (40%). 
c) with the sodium salt of benzyl thiol. The salt (330 mg, 2.3 
mmol) and sulphone (460 mg, 1 mmol) were reacted by the standard· 
method. ' 
Separation of the crude by preparative TLC (ether/pet-ether 6 14) 
gavedibenzyl disulphide (164 mg, 58'1.) and the sulphone (250 mg, 54%) 
identified by 1. R. and NMR spectroscopy. 
d) with the sodium salt of p-nitrothiophenol. The salt (389 mg, 2.2 
mmol) and the sulphone (458 mg, 2 mmol) were reacted in .the standard 
way for 2 hrs. The NMR spectrum and LR. spectrum of the crude 
were identical to those of the starting material. 
Reactions of 2-(p-nitrophenylazo)-2-nitropropane a) with the 
sodium salt of benzene thiol. Using the standard reaction method 
and a reaction time of 18 hrs., the salt (149 mg, 1.1 mmol) and the azo 
compound (236 mg, 0.99 mmol) were reacted. Work-up gave an ora-
nge solid (339 mg) which was. purified by thin layer chromatography 
(ether-pet-ether (40-60°)) to give a yellow solid. The solid was recr-
ystallised from CC14 to yield yellow cryst~ls (162 mg, 54%) m.p. 124-
6° (Found C, 60.0 H, 5.1 N, 13.5 S, 10.8. ClsH1SN30ZS requires C, 
59.8 H, 5.0 N, 13.9 S, 10.6%) v 1 535, 1 357 cm- 1 a 1. 70 (6H, 
max 
s, -CH3), 7.70 (5H, m, -CJfs), 8.01 (4H, abq, CJf4): m/e 192, 151, 
150, 146, 125, 122, 105. 
The starting azo compound was also separated from the crude 
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product (45 mg, 19%) m.p. 102-4° (lit. 45 104°). The material had LR. 
and NMR spectra identical to those of an authentic sample. 
b) with the sodium salt of Q-nitrophenyl thio1. The reaction was 
carried out in the standard way using 1 mmol each of the salt and the 
azo compound to give the starting azo compound as orange crystals 
(87%) m.p. 102-4° (lit. 21 104°) and orange crystals of l-methyl-l-(p-
!!ll.!:.2phenylazoY ethyl o-nitrophenyl thioether (55 mg, 16%) m. p. 92-
3° (F~und C! 51.6, H, 4.0 N, 15.9, S, 9.6. C1sH14N404S requires C, 
52.0 H, 4.06 N, 16.18 S, 
CH3), 7.50 (4H, m, CJf4), 
146. 
9.2) v 1 535, 1 354. a 1.69 (6H, s, 
max 
8.01 (4H, ABq, CJf4) m/e 196, 192, 155, 
c) with the sodium salt of benzyl thio1. The reaction was carried 
out as in a) using 241 mg of the azo compound, to give the starting ma-
terial (108 mg, 45'}".), dibenzyl disulphide (61 mg, 44%) and acetone >2.-
nitrophenyl hydrazone (39 mg, 20%). All the above had m.p.s and LR. 
spectra identical to authentic samples. 
d) with the sodium salt of p-chlorophenyl thiol. The reaction was 
carried out as in a). The crude product was separated by preparative 
,-
TLC (silica gel, pet-ether (40-600)/ether 111) to give four fractions. 
The third fastest band was replated (silica gel, pet.eOther(40~600)/ether 
950/50) to give I-methyl l-(p-nitrophenylazo) ethyl p-chloroEhenyl thio-
~ (68 mg, 25%) m.p. 105-6° (Found C, 53.6 H, 4.4 N, 12.2 S, 
9.6. C1sH14N302SCl requires C, 53.6 H4.l7 N, 12.5 S, 9.54) v 
° max 
·1 525, 1 356 cm- 1 a 1.67 (6H, s, CH3), 7.18 (4H, s, CJf4), 8.00 (4H, 
ABq, C~4) ml e 288, 286, 192, 187, 185, 151, 145, 143. 
The le~st polar fraction of the first separation was recrystallised 
from ethanol to give yellow crystals of di-(~-chlorophenyl) disulphide 
(64 mg, 46%) m.p. 72° (lit. liS 73°). An LR. spectrum of this pro-
duCt was identical to that ol an authentic sampleo • 
. 32. Reactions of t-nitrobutane ° a) with the sodium salt of p-chlorothio-
Ehenol. U sing the standard method and a reaction time of 24 hrs. 
(re~c°tion for 4 hrs. gave only starting material) the salt (330 mg, 1. 98 
mmol) and t-nitrobutane (200 mg, 1. 94 mmol) were reacted to give a 
yellow solid (110 mg) which gave only one spot on TLC (pet-ether 40-
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60°). An 1. R. spectrum of this material was identical to one obtained 
from an authentic sample of di-(Il-chlorophenyl) disulphide. Yield 100 
mg, 34% (aq. ethanol). 
b) with the sodium salt of benzyl thio1. The salt (285 mg, 1. 8 
mmol) and t-nitrobutane (180 mg, 1. 75 mmol) wer~ reacted for 8 hrs. 
in HMPA using the standard method to yield a crude product (180 mg). 
Analytical TLC indicated only one product and recrystallisation from 
ethanol gave.dibenzyl disulphide (170mg, 77%). m.p. 70-2° (lit. liS 71-
2°) • 
An NMR spectrum of the crude showed no peaks attributable to the 
t-butyl moiety. 
c) with the sodium salt of thiopheno1. U sing the standard method 
the salt (265 mg, 2 mmol) and t-nitrobutane (200 mg, 2 mmol) were 
reacted for 16 hrs. in HMPA to give a white solid (150 mg). This was 
separated by preparative TLC (pet-ether 40- 600fether 4',1) to give di-
benzyl disulphide (100 mg, 51%) and t-nitrobutane (40 mg, 20%), iden-
tified by m.p., NMR, and LR. data. 
'33. Reaction of 2,4-dinitrophenyl sulphenyl chloride with the sodium salt 
The 2-nitropropane anion (2.77 g, 25 mmol) 
, 
was added to the sulphenyl chloride (5.86 g, 25 mmol) in dry diethyl 
ether (7~ ml) at -5 0. On completion of the addition the cooling bath 
was removed, the mixture stirred for 30 min. at room temperature 
and then refluxed for 30 min. The ether was removed in vacuo and the 
'resultant solid washed with distilled water to remove sodium chloride. 
The crude was recrystallised from methanol, ,and then from carbon 
tetrachlori,:ie to give yellow crystals (2.45 g, 34%) m.p. 102-4° (lit. 69 
101-101.5"0) y 1 610, 1 540, 1 360, 1 350 cm -1 a 1.96 (6H, s, -CH3), max " 
7.60 (lH, d, arom), 8.34 (lH, dxd, arom), 8.64 (lH, d, arom). 
34. ~paration of benzenesulphenyl chlorides9 • A slow stream of dry 
chlorine was passed through dry carbon tetrachloride (150 ml) which 
was well stirred and cooled with an ice-salt mixture. A solution of 
thiophenol (6 g, 54,5 mmol) in carbon t"etrachloride (50 ml) was added 
dropwise, and the reaction mixture gradually assumed a red-yellow 
colour. Excess chlorine was removed in vacuo in a fume cupboard. 
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The solvent was removed in a similar manner to yield a red fuming 
liquid. a (CC14 ) 7.49 (m) 
Reaction with 2-nitroPE2Pyl anion. The sodium salt of 2-nitropro-
pane (4. 8 g, 54.5 mmol) was added to a solution of the red liquid in 
dry ether (lOO ml), maintained at .-5 0 over a period of ten minutes. 
During the addition a blue colour developed. The cooling bath was re-
moved and the mixture stirred for 30 min. at room temperature. The 
reaction mixture was filtered and the solvent stripped from the filtrate 
m vacuo at ca. 00 to yield a blue liquid. Within a few minutes of war-
ming to room temperature the blue liquid decomposed rapidly with ev-
olution of a brown gas to give a brown, foul-sm"elling semi-solid. An 
NMR spectrum of this indicated a number of products which were not 
further identified. 
35. Reaction of the sodium salt of 2-nitropropane and l-methyl-l-nitroethy! 
p'-chlorophenyl thioether. The following will serve to illustrate the 
general procedure for the reaction of the a-nitrothioethers with the so-
dium salt of 2-nitropropane and the other anions used. The product 
identity was proved in each case by I.R., TLC, and NMR. 
Dry D}I1F (25 ml) was pipetted into a three-necked, round bottom-
ed flask fitted with a nitrogen bleed, magnetic stirrer bar, and drying 
tube. The flask and solvent were purged with oxygen-free dry nitrogen 
for 30 min. Thenceforth a gentle stream of nitrogen was maintained. 
The sodium salt of 2-nitropro~ane (106 mg, 0.95 mmol) was added and 
.the reaction mix stirred until most of the salt was dissolved. The thi-
oether (HO mg, 0.6 mmol) was added and the reaction flask illuminated 
with 2x15 W. fluorescent tubes. After the reaction was complete the re-
action niixture was poured into ice-water (50 ml), extracted with ether 
(4x20 ml) the combined ethereal layers were washed with distilled wa-
ter (4x20 ml), dried (MgS04), and the volume made up to 100 m1. Ana-
lysis by GLC indicated that, in this case, a 40% yield of 2,3-dimethyl-
2,3~dinitrobutane. Removal of the solvent in vacuo gave a w~ite solid. 
NMR analysis showed the presence of only starting material and the a-
bove produ~t. Analytical TLC confirmed that 2,3-dimethyl-2,3-dinit-
robutane was the only product. 
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36. Reaction of the sodium salt of 2-nitropropane with l-methyl-l-nit-
roethyl o-nitropheny'l thioether gave a 13'}". yield of ~,3-dimethyl-2,3-
dinitrobutane and 86,}". recovery of starting material in four hours. 
37. In the same time period l-methyl-l-nitroethyl 2-benzenethiazyl 
thioether gave a 25% yield of 2,3_dimethyl-2,3-dinitrobutane. 
38. Inhibition of the reaction of the sodium salt of 2-nitrop.!:2pane with 1-
methyl-l-nitroethy!..p-nitrophenyl thioether. 
Control Reaction of the thioether under conditions as above (expt. 35) 
gave a 71% yield of 2,3-dimethyl-2,3-dinitrobutane as judged by GLC. 
Effect of Oxyg!ill When the customary Nz atmosphere was replaced by 
Oz analytical GLC indicated a 2% yield of 2,3-dimethyl-2,3-dinitrobu-
tane. 
p-Dinitrobenzene inhibition 6 mol % pDNB was added to the reaction 
mixture after the addition of the salt and prior to the thioether. Nor-
mal analysis indicated a 9'}", yield of the expected product, 2,3-dimeth-
yl-2, 3-dinitrobutane.· 
Galvinoxyl inhibition Galvinoxyl (10 mol %) was added to the reaction 
mixture prior to the addition of the thioether. Analysis indicated a 3'}", 
yield of 2,3-dimethyl-2,3-dinitrobutane. 
Dark reaction Th~reaction flask was completely wrapped in alumini-
um foil. GLC analysis indicated an 18% yield of the dinitrobutane. 
39. Reaction of the sodium salt of nitrocyc1ohexane with I-methyl-l-nitrg-
ill'-y.!..p-nitrophenyl thioether. U sing the procedure of expt. 35, but 
v'· 
. with DMSO as solvent in place of DMF, the salt (61 mg, 0.41 mmol) . 
was reacted with the thioether (100 mg, 0.41 mmol) for 4 hrs. GLC an-
alysis of the crude product showed that 2-(1-nitrocyc1ohexyl}-2-nitro-
propane was the main product (66 mg, 76%) with 2,3-dimethyl-2,3-di-
nitrobutane (10 mg, l4'}",) as a sid'e product. Other runs gave similar 
, 
yields. Removal of the solvent, and recrystallisation from hexane 
gave 2-(1-nitrocyc1ohexyl}-2-nitropropane as colourless crystals m.p. 
149-50 (lit. 54 l49-500 ). The 1. R. spectrum was identical to an authen-
tic spectrum •. 
Inhibition studies. 
Control The reaction was carried out as above (expt. 35) and gave a 
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751. yield of 2-{l-nitrocyclohexyl)-2-nitropropane, as estimated by 
analytical GLC. 
Effect of Oxyg~ When the customary Nz atmosphere was replaced by 
Oz, GLC assay indicated a 2% yield of 2-{1-nitrocyclohexyl)-2-nitro-
propane. Removal of solvent followed by NMR analysis indicated a 
near quantitative recovery of starting material. 
Galvinoxyl inhibition Galvinoxyl (6 mol %) was added to the reaction 
• 
mixture prior to the addition of the thioether. Analysis by GLC indi-
. 
cated the following products; 2-{1-nitrocyclohexyl)-2-nitropropane, 
12% 2,3-dimethyl-2,3-dinitrobutane, 51. bis-l,l '-dinitrohexane, trace. 
Work-up gave an 80% recovery of starting material. 
Dark reaction The reaction 'flask was completely wrapped in alumini-
um foil to exclude light. GLC assay indicated a 34% yield of 2-{1-nit-
rocyclohexyl)-2-nitropropane, and a 2% yield of 2,3-dimethyl-2,3-di-
nitrobutane. NMR of the crude product indicated a mixture of these 
products and the starting thioether. 
40. Reactiori of the sodium salt of nitrocyclohexane with l-methyl-l-
nitroethy:l 2-benzothiazy:l thioether gave a 201. yield of 2-{1-nitrocyclo-
hexyl)-2-nitropropane and GLC assay indicated traces of bis-l,l '-di-
nitrocyclohexane./NMR of the crude product indicated mainly the ' 
starting thioether. 
41. Reaction of the sodium salt of ethy'l diethyl malonate and l-methy'l-l-
nitroethylp'-nitrop'heny:l thioether. 
,Control In a three necked round bottomed flask (lOO ml) flushed with 
nitrogen was placed dry DMF (50 ml) and the sodium salt of ethyl di-
ethyl malol1;ate (lOO mg, .47 mmol). Stirring was commenced while a 
gentle stream of Nz was passed through the reaction mixture for 30 
min. l-Methyl-l-nitroethy.l-p-nit'roethyl thioether (1l5 mg, .47 mmol) 
was added and the reaction mi~ture became faintly red. The reaction 
flask was illuminated with 2x150 watt, tungsten lamps. After four hours 
the reaction mixture was worked up as in expt. 35. GLC assay indica-
ted a 211, yieid of ethyl 2-nitropropyl diethyl malonate and a 61% yield 
of 2, 3-dimethyl-2, 3-dinitrobutane. 
Effect of Oxyg~ When the Nz of the control reaction was replaced ~ith 
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Oz GLC assay indicated a 10'1. yield of 2,3-dimethyl-2,3-dinitrobutane. 
An NMR of the crude product showed, in addition to the above product 
and starting material (approx. 90'1. recovery), a trace of di-(12-nitro-
phenyl} disulphide. 
p-Dinitrobenzene inhibition 6 mol '1. "I1-DNB was added to the reaction 
mixture prior to the addition of the thioether. GLC assay indicated a 
trace of 2,3-dimethyl-2,3-dinitrobutane as the sole product. An NMR 
of the crude .showed starting material (90'1. recovery), some p-DNB, 
and the above product. 
42. Reaction of the sodium salt of benzenesulphinic acid with l-methyl-l-
nitroethylp-nitrophenyl thioether. Under the same conditions and 
method of expt. 35 the sodium salt of benzenesulphinic acid (70 mg, .44 
mmol) was reacted with the thioether (106 mg, .44 mmol) to yield 80 
mg of crude product. An NMR of the crude product indicated the fol-
lowing approximate yields' of products 2-benzenesulphinyl-2-nitropro-
"pane (32'10), starting ihioether (42'10), and 2,3-dimethyl-2,3-dinitrobu-
tane (8'10). 
43. Reaction of the sodium salt of benzenesulphinic acid with I-methyl-
I-nitroethyl 2,4-dinitrophenyl thioether gave in two hours 59'1. of the 
" " , 
expected a-nitrosulphone, separated by preparative TLC (Sigel, pet-
ether/ether 4 I), and identified by analytical TLC and comparative I.R. 
Effect of Oxyg!l1l When oxygen was substituted for the customary Nz an 
83% recovery of ~methyl-l-nitroethyl 2,4-dinitrophenyl thioether re-
. suIted, isolated by recrystallisation of the crude from carbon tetra-
chloride as yellow crystals, m. p. 102-04 0 (lit. 69 101-101. 50}. 
44. Reaction of the sodium salt of p-chlorothiophenol with I-methyl-l-nit-
roethylJP.-chlorophenyl thioether '. , 
under Nz, molar ratio of salt thioether lOt 1. The salt (880 mg, 5 
mmol) was added to dry DMF (125 ml) in a three necked round bottom-
ed flask through which passed a stream of nitrogen. The thioether (115 
mg, 0.5 mmol) was added and the reaction mixture stirred for'two 
hours. Recrystallisation of the crude, after standard work-up, from 
ethanol gave di- (12-chlorophenyl) disulphide (120 rng, 84'1;), m. p. 72_4 0 " 
(lit.'llS 73 O). The NMR of the crude product indicated that a trace of 
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2.3-dimethyl-2.3-dinitrobutane was also a product. 
under Nz. molar ratio 1; 1. The thioether {500 mg •. 2 mmol} and the 
salt {360 mg. 2 mmol} were reacted as in the preceding experiment. 
Work up gave a crude product which an NMR spectrum indicated con-
tained 10 parts thioether to 1 part disulphide. 
under Nz. molar ratio 10: 1 with p-DNB {7 mol %} added. The thio-
ether {lOO mg. '.42 mmol} and the salt {7l9 mg. 4.2 mmol} were reac-
ted as above .to give di-{J;2.-chlorophenyl} disulphide {110 mg. 9l%} as the 
only product. isolated by recrysta11isation of the crude from ethanol 
m.p. 73 ° {lit. lIB 73°}. The 1. R. spectrum was identical to that of an 
authentic sample •. 
under oxygen, molar ratio 10',1. U sing the same procedure as abo-
ve. the salt {719 mg, 4.2 mmol} and th.e thioether {lOO mg. 42 mmol} 
were reacted to give di-{J;2.-chlorophenyl} dis1l:lphide {115 mg. 72%}. 
m. p. 72 ° (lit. lIB 73°). An NMR. spectrum of the crude product showed 
a complete absence of starting material. 
45. Reaction of the sodium salt of thiocresol with l-methyl-l-nitroethyJ 
2.4-dinitrobenzene thioether. The method used was as for the re-
action of sodium p-'chlorothiophenolate with l-methyl-l-nitroethyl p-
chlorophenyl thioether. using the sodium salt of thiocresol {880 mg. 5 
mmol} and the thioether {115 mg. 0.5 mmol} with a reaction time of two 
hours. Work up in the standard fashion and recrysta11isation of the 
crude gave di-{>/-tolyl} disulphide {94%}. m.p. 47-48°. {lit. lIB 47_8°} • 
. The m.p. was not depressed on admixture with an authentic sample of 
the disulphide. 
46. Oxidation of l-methyl-l-nitroethyLp'-chlorophenyl thioether. A soln. 
of the thi,oether {460 mg. I mmol} in methylene chloride {30 ml} was 
cooled to _78° and a solution of m-chloroperbenzoic acid {360 mg. 1.9 _ 
mmol} in the same solvent was added slowly by 'sYFinge through a sep-
tum to give a milky reaction mixture. This was allowed to stir and 
warm to room temperature overnight. whereupon analytical TLC show-
ed that all the starting material had reacted. The volume of solvent 
was reduced to 20 ml in vacuo and the remainder poured into ether {lOO 
rol} and saturated salt soln. {20 rol}. The organic layer was 'separat'ed 
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and washed with saturated sodium bicarbonate, dried and concentrated 
to give a white solid which on re crystallisation (pet-ether-ether) gave 
colourless crystals (340 mg, 671.) of l-methyl-l-nitroethyl..p,-chloro-
pheny'l sulp,hoxide, m.p. 101° (Found C, 43.5 H, 4.0 N, 5.5 S, 13.0. 
C 9H lON03SCl requires C, 43.6 H, 4.0 N, 5.6 S, 12.95) v 1 540, max 
1 332, 1 060 cm- I A (EtOH) 225 nm (18,248) a 1.61 (3H, s, CH3), max 
1.96 (3H, s, CH3), 7.46 (4H, s, arom). 
In a sim.ilar way l-methyl-l-nitroethy.l.P-nitrop,heny~lp,hoxide 
was prepared in 86% yield, m.p. 110-1° (Found C, 42.1 H, 3.6 N, 
10.6 S, 13.00. C9HI N Z0 4S requires C, 41.86 H, 3.9 N, 10.85 S, 
12.42) v 1 605, 1 550, 1 355, 1 340, 1 095, 860 cm -I a 1. 61 (3H, s, 
rnax . 
CH3), 2.03 (3H, s, CH3), 8.05 (4H, ABq, arom) • 
: -., 
. _ 47. Reaction of the sodium salt of 2-nitroHrop,anewith l-methyl-l-nitro-
ethy.l.P-chlorophenyl sulphoxide. Dry DMF (25 ml) was pipetted 
into a: three necked round bottom flask fitted with a bleed, magnetic 
stirrer bar, and drying tube. The flask and solvent were purged with 
oxygen-free dry nitrogen for 30 min. Thenceforth a gentle stream of 
nitrogen was maintained. The sodium salt of 2-nitropropane (110 mg, 1 
mmol) was added and the reaction mix stirred until most of the salt 
had dissolved. The sulphoxide (247 mg, 1 mmol) was added and the 
reaction flask illuminated with 2x15 w fluorescent tubes. After 24 hrs. 
the reaction mixture was poured into ice-water (50 ml) saturated with 
sodium sulphite, and extracted into ether to give a white solid (74 mg) . 
as crude product. An NMR spectrum of the product showed only one 
peak at a 1. 73. Consequent recrystallisation from methanol gave 2,3-
dimethyl-2,3-dinitrobutane (42')".) m.p. 210-11° (lit. 51 208-09°). An I.R. 
spectrum of this material.was identical to that of an authentic sample. 
No starting material was recovered. 
The reaction was repeated using the same Ms of starting materi-
als, in methanol. The solvent was removed in vacuo after 24 hrs., 
and the residue was leached into chloroform to give a yellow oil (180 
mg). An NMR spectrum of this material showed no signal at a 1.84, 
characteristic of the expected 2,3- dimethyl-2, 3-dinitrobutane. The 
chloroform-insoluble fraction weighed 84 mg, was instantly soluble in 
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cold water, and had an NMR spectrum and 1. R. spectrum identical to 
those of an authentic sample of the sodium salt of 2-nitropropane. Re-
covery 97%. 
48. Reaction of sodium benzenesulphinate with I-methyl-l-nitroethy.LP..:. 
chlorophenyl sulphoxide. Using the method of expt.' 35 the salt (190 
mg, 1.17 mmol) was reacted with the sulphoxide (183 mg, 0.72 mmol) 
for 24 hrs. Work-up gave a white solid (47 mg) which after recrystal-
lisation (95% aq. EtOH) gave I-methyl:'l-nitroethyl p-chlorophenyl sul-
phone (40 mg: 24'1.), m.p. 113_4° (lit. 55 115_6°). An 1.R. spectrum of 
this material was identical to that of an authentic sample. 
49. Thermolysis of a-nitrothioethers. Each of the a-nitrothioethers 
was refluxed for 12 hours in dry toluene. The solvent was then remo-
ved m yacuo. The thermolysis of I-methyl-l-nitroethyl p-chlorophenyl 
thioether gave recovery of the starting material (95% recovery from 
n-hexane). 
The thermolysis of I-methyl-l-nitroethyl 2,4-dinitrophenyl thio-
ether gave a"brown solid. An NMR spectrum of the crude material 
showed a multitude of peaks both in the aromatic and methyl regions. 
A peak at a 1. 74, characteristic of 2,3-dimethyl-2,3-dinitrobutane was 
absent. The mixture was not further investigated. 
The thermolysis of I-methyl-l-nitroethyl 2-benzothiazyl thioether 
gave a yellow solid (100% wt recovery). An NMR spectrum of this ma-
terial was identical to that of an authentic sample of the starting mate-
rial. 
-" The thermolysis of I-methyl-l-nitroethyl p.-nitrophenyl thioether 
gave a dark solid (98'1, wt recovery). An NMR spectrum of the crude 
- . 
showed the starting material had all disappeared. No peak at a 1. 74, 
characteristic of 2,3-dimethyl-2,3-dinitrobutane was present. 
Reaction of the a-nitrothioethers with dilute acid. Each of the a-
nitrothioethers (100 mg) was stirred for 24 hours in 2 N hydrochloric 
acid. Extraction into ether led to recovery of the sta;rting material in 
: good yield (-90 % in each case). 
50. Reaction of the sodium salt of 2-nitrop.!.2pane with di-(p-chlorophenyll 
<fu..!!.l. p~ • 
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~ A streaIn of oxygen was passed through a solution of di-(p.-chloro-
phenyl) disulphide (1.1 g. 3.86 InInol) in dry DMF (150 Inl). The ~odi­
UIn salt of 2 -nitropropane (1. 5 g. 13.5 InInol) was added and the mix-
ture stirred for 2 hours,. It was poured into ice-water (500 Inl). ext-
racted into ethyl ether (4x60 ml), and the combined extracts washed 
with water and dried (MgS04). The solvent was removed in vacuo to 
give a yeUow-white solid which was recrystaUised (hexane) to give 1-
methyl-l-nitroethyl ~-chlorophenyl thioether' (670 mg. 76'1.) as colour-
less crystal~. m.p. 81-2° (lit. 45 82-3°). An I.R. spectruIn of this 
product was identical to that obtained froIn an authentic sample. 
b) A large scale reaction employing the disulphide (4.9 g) and the salt 
(7 g) gave a total yield of thioether of 2.24 g (57%). The I.R. spect-
rum was identical to the product obtained in a). 
c) When the reaction was conducted under nitrogen and in the presence 
of galvinoxyl (5 Inol '1.) the thioether (73%) was isolated as the only 
product. 
!9 When the' reaction of the disulphide (1.1 g, 3.8 mInol) and salt (10 
equivs.) was conducted under nitrogen for 1 hr. the thioether (680 Ing, 
77%) and 2.3-dimethyl-2,3-dinitrobutane (UO mg, 26%) In.p. 2l0-Uo 
(lit. 51 208-09°) were isolated as products. 
51. Reaction of the sodiuIn salt of 2-nitropropane with di-(o-nitrop~y.!) 
disulp'hide; The disulphide (600 mg. 2 Inmol) and the salt (2 g, 20 
InInol) were stirred under an oxygen atmosphere in dry DMF (30 Inl) 
for 30 minutes, during which time a bright red colour developed. The 
reaction Inixture was poured into ice-water (30 ml) and extracted into 
ether. ReInoval of the solvent on a rotary evaporator yielded a yeUow 
solid which was recrystaUised from cyclohexane to give yellow cryst-
als of l-methyl-l-nitroethyl Q-nitrophenyl thioether (320 Ing. 66'1.) 
m.p.80-2° (lit. 69 81-2°) a 1.81 (6H. s, CH3 ) 7·.65 (4H. m, arom). 
52. Reaction of the sodium salt of 2-nitropropane with di-(p-nitropkny.l} 
disulphide. The disulphide (1 g, 3.26 mmol) and the salt (3.6 g. 
32.6 mInol) were stirred in dry' DMF under oxygen for 24 hours .Ex-
traction as above and careful recrystallisation from ether gave yeUbw 
crystals of l-Inethyl-l-nitroethyl12-nitrophenyl thioether (610 Ing, 77%), 
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m.p. 102_3° (Found C, 44.75 H, 4.2 N, 11.2 S, 13.0. C9H lONz0 4S 
requires C, 44.6 H, 4.1 N, 11.57 S, 13.22'}'.) v 1 600, 1 535, 
max 
1 345 cm- I a 1.88 (6H, s, CH3), 8.00 (4H, ABq, arom). 
Reaction under nitrogen gave a mixture of the thioether (540 mg, 
69%), in.p. 102_3°, and 2,3-dimethyl-2,3-dinitrobutane (150 mg, 26,},.), 
m. p. 211-3 ° (lit. 51 208_9°}, separated by preparative tlc (Silica gel, 
pet-ether) • 
When twp equivalents of the salt were reacted with di-(Il-nitro-
phenyl} disulphide under oxygen the thioether was the only product 
(76%) . 
When 1. 3 equivalents of the salt were used 38% of the thioether 
was isolated after 30 mins. under oxygen. No other products were 
found. 
53. Reaction of the sodium salt of 2-nitrop.!.2pane with benzy.L2,p-dinitro-
p,henyl disulphide. The disulphide (800 mg, 2.5 mmol) was dissol-
ved in dry DMF (25 ml) under oxygen and a five molar excess of the 
salt (1. 37 g) was added. The reaction mixture was stirred and a deep 
red colour developed. After ten minutes the reaction mixture was 
poured into ice-water (100 ml) and the products extracted into ether 
(4x30 ml). Washing with water, drying (MgS04) and'removal of the 
solvent on a rotary evaporator at ca. 0° gave a crude product (580 mg). 
The odour· of benzyl thiol was evident. An NMR spectrum of the crude 
showed the following peaks, a 7.20 (s), 4.01 (s), 3.56 (s), 2.12 (s), 
L 74 (s). Analytical tlc showed the presence of dibenzyl disulphide, 
the mixed disulphide, and 2,3-dimethyl-2,3-dinitrobutane plus one 
. other spot. The reaction was not pursued further. 
54. Reaction of other disulRhides with the sodium salt of 2-nitroPr9p'llll'. 
No reaction occurred when eight equivalents of the salt and the 
following disulphides were stirred in dry DMF under nitrogen for 24 
hours and work-up carried out by pouring into ice-water and extraction 
into ether: - di-(J;!.-tolyl} disulphide, diphenyl disulphide, dimethyl di-
sulphide, di-N-acetyl cystine, dimethyl ester. The starting material 
was recovered in each case except dimethyl disulphide. 
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,5,5. Kinetic studies of the reaction of di- (p-nitrophenyl) disulphide with the 
sodium salt of 2-nitrop'ropilll!l. The test solutions were prepared 
by rapidly mixing 1. 5 ml of a soln. of di-(p-nitrophenyl) disulphide in 
a UV 10 mm cuvette with 1. 5 ml of a soln. of 2-nitropropan-2-ide in UV 
ethanol, so that the final concentration of the disulphide was -7xlO-s M 
and that of the salt was -7xlO-4 M. The absorbance was recorded con-
tinuously over'a period of several hours at A =424.5 nm. (A for 
max max 
the 12-nitrophenyl thiolate anion). A matching cuvette containing UV 
. 
ethanol formed the blank. 
Several runS were made using the above technique and typical re-
sults and calculations from one run are given below. 
Time elapsed (min.) Absorbance at Concn. thiolate a 
424,5 nm moles xlO- s 
15 0.097 0.73 
30 0.173 1.31 
45 0.239 1.81 
60 0.300 2.28 
75 0.355 2.65 
90 0.407 3.09 
105 0.450 3.42 
tzo 0.490 3.72 
135 ' 0.528 4.01 
150 0.557 4.23 
165 0.588 4.47 
180 0.609 4.63 
195 0.629 4.78 
a calculated from the relationship A = £ Cl where £ = 13,15078 • 
Calcula tions , U sing the data above plots were made of 
a) 
b) 
" .i 
" 
concentration (x) v. time, to test for zero order kinetics. 
10glO x v. time, to test for first order kinetics. 
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x, 
c) 10gI0 b-x v. time, to test for second order kinetics. a, b are the 
a-x 
initial concentrations of the disulphide and salt respectively. 
Representative graphs showing these plots for the data given are 
in Appendix 1. 
In each of the seven runs the test plot for second order kinetics 
gave good straight lines, though the values calculated for the rate con-
stant k (calculated from the gradient of the line) varied. This was be-
cause each o"f the runs was performed at a different temperature. Va-
lues for k ranged from 17.9 to 44.6 mol- I min- I • 
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APPENDIX 
Test for Zero Order Kinetics 
6,0 
5 
c 
8 
5,0 
4.0 
30 60 90 120 150 180 210 
Test for First Order Kinetics 
-4.4 
-4.5 
-4.6 
-4.7 
-4.8 
30 60 90 120 150 180 210 
time (min.) 
lA 
! 1.6 
1.4 
45 
Test for Second Order Kinetics 
75 105 135 165 
. . 
195 210 
tlm .. (mina) 
REFERENCES 
c 
, , 
1. a) K. W. Bowers, in Radical Ions, Ed. E. T. Kaiser and L. Kevan, 
Wile)" New York, 1963, pp. 211-44. 
b) G.A. Russe11, Chem.Soc.Spec.Pub1., 1970, 24, 271. 
c) N.Kornblum, Pure and App1.Chem., 23rdInt. Con£., 1971,~, 
81. 
d) G.A. Russe11, Pure and App1.Chem., 23rd Int. Con£., 1971, 1, 
67. 
e) N.L. Holy and J .D. Marcum, Angew.Chem. Internat.Edn., 
1970, 10, 115. 
f) L.L. Miller, J .Chem.Educ., 1971, 1.!!, 168. 
g) N .Kornblum, Angew. Chem. Internat.Edn., 1975, 11, 734. 
2. A.Laurent, . Annalen, 1836, 11, 91. 
3. E.Bamberger, Chem.Ber., 1885, !§, 865. 
4. G.A. Russe11, E.G. Jansen, andE.T. Strom, J.Amer.Chem. 
Soc., 1964, 86, 1807. 
5. G.A. Russe11 and R.K. Norris, Rev.Reactive Intermediates Org. 
React., 1972, 1, 65. 
6. J.F. Garst, P.W. Ayers, andR.C; Lamb, J.Amer.Chem.Soc., 
1966, 88, 4260. 
7. G.D. Sargent andG.A. Lux, J.Amer.Chem.Soc., 1968, 90, 7160. 
-8. J.K. KimandJ.F. Bunnett, J.Amer.Chem.Soc., 1970,~, 7463. 
, 
9. J .K. Kim and J.F. Bunnett, J .Amer.Chem.Soc·~, 1970, 92, 7464. 
10. J.F. Bunnett and F.J. Kear1ey, Jr., J .Org.Chern. 1971, 36, 184. 
11. R.A. RossiandJ.F. Bunnett, J.Org.Chem. 1972, 37, 3570. 
12. R.A. Rossi and J.F. Bunnett, J.Amer.Chern.Soc., 1972, 94, 683. 
13. J.F. Bunnett and B.F. Gloor, J .Org.Chern., 1973, ~, 4156. 
14. R.A. Rossi and J.F. Bunnett, J .Org.Chern., 1973, 38, 3020. 
15. R.A. Rossi and J.F. Bunnett, J .Org.Chern., 1973, 38, 1407. 
-16. J.F. Bunnett and X. Creary, J .Org. Chern. 1974, ~, 3612. 
17. J.F. Bunnett and X. Creary, J.Org.Chern. 1974, 39, 3173. 
18. J.F. Bunnett and X. Creary, J .Org.Chern. 1974, 39, 3611. 
19. W.J. Boyle, Jr., and J.F. Bunnett, J .Arner.Chern.Soc., 1974, 
96, 1416. 
20. M.H. Mach and J.F. Bunnett, J.Arner.Chern.Soc., 1974, 96, 936. 
- 138 -
• 
21. J. F. Bunnett, J. Chem. Educ., 1974, 51, 312. 
22. J.F. Bunnett and B.F. Gloor, J .Org.Chem., 1974, 39, 382. 
23. J.F. Bunnett and X. Creary," J.Org.Chem., 1975, 40, 3740. 
24. J.F. BunnettandJ.E. Sundberg, Chem.Pharm. BulL , 1975, ~, 
2620. 
25. J.F. Bunnett and J .E. Sundberg, J .Org.Chem., 197.6, 41, 1702. 
26. R.G. ScamehornandJ.F. Bunnett, J.Org.Chem., 1977, 42,1449. 
27. J.F. Bunnett, R.G. Scamehorn, andR.P. Traber, J.Org.Chem., 
1976,. 41, 3677. 
28. R.G. Scamehorn and J.F. Bunnett, J .Org.Chem., 1977, 42, 1457. 
29. S. HozandJ.F. Bunnett, J.Amer.Chem.Soc., 1977, 99,4690. 
30. J.F. Wolfe, J.C. Greene, and T.Hudlicky, J.Org.Chem., 1972, 
37; ·3199. 
31. J.V. Hay, T. Hudlicky, andJ.F. Wolfe, J.Amer.Chem.Soc., 
1975, 97, 374,3702. 
32. J.A. Zoltewicz and T.M. Oestreich, J.Amer.Chem.Soc., 1973, 
95, 6863.· 
33. R.A. Rossi, R.H. Rossi, and A. Lopez, J .Amer.Chem.Soc., 
1976,.98, 1252. 
34. J.F. Bunnett, X. Creary, and J .E. Sundberg, J .Org.Chem., 
1976, 41, 1707. 
35. N. Kornblum, P. Pink, andK.V. Yorka, J.Amer.Chem.Soc., 
1961, 83, 2779. 
36. R.C. Kerber, G.W. Urry, andN.Kornblum, J.Amer.Chem.Soc., 
. ~1964, 86, 3904. 
37. R.C. Kerber, G.W. Urry, andN.Kornblum, J.Amer.Chem.Soc., 
1965;87, 4520. 
38. L. WesslerandR.W. Helmkamp, J.Amer.Chem.Soc., 1945,67, 
1167. 
39 •. H.B. HassandM.L. Bender, J.Amer.Chem.Soc., 1949, TI, 
1767, 3482. 
40. N. Kornblum, R.E. Michel, R.C. Kerber, J.Amer.Chem.Soc., 
1966, 88, 5660, 5662. 
41. G.A. Russe11 and W.C. Danen, J.Amer.Chem.Soc., 1966, ~, 
5663. 
- 139 -
42. N. Kornblum, T.M. Davies, G.W. Earl, N.L. Holy, R.C. Ker-
ber, M.T. Musser, andD.H. Snow, J.Amer.Chem,Soc.; 1967, 
89, 725. 
43. N. Kornblum, G.W. Earl, N.L. Holy, J.W. Manthey, M.T. 
Museer, D.H. Snow, an4R.T. Swiger, J.Amer.Chl'm.Soc., 1968, 
90, 6221. 
44. J. W. Manthey, PhD Thesis, Perdue University, August, 1968. 
45. N. Kornblum, S.D. Boyd, andN. Ono, J.Amer.Chem.Soc .. 
1974, 96, 2580, 
'46. N. KornblumandF.W. Stuchal, J.Amer.Chem.Soc., 1970, 92, 
'1804 • 
47. G.A. Russell and W.C. Danen, J.Amer.Chem.Soc., 1968, 90, 
347. 
48. B.N. Newton, PdD Thesis, Perdue University, January,,1972. 
49. N. Ko;nblum, S.C. Carlson, J. Widmer, M.J. Fifolt, B.N. 
Newton, an4 R.G. Smith, J .Org.Chem .. 1978, 43, 1394. 
50. N. Kornblum, R. T. Swiger, G. W. Earl, H. W. Pinnick, and 
F,W. Stuchal, J.Amer.Chem.Soc .. 1970. 92, 5513. 
51. L.W. SeigleandH. Hass, J.Org.Chem., 1940,5,100. 
52. C'.D. Nenitzescu and D.A. Isacescu, Chem.Ber., 1930, 63, 2484. 
53. E.E. van Tamelen and G. Van Zyl, J .Amer.Chem.Soc., 1949, 71, 
835. 
54. G .A. Russell, R.K. Norris, and E.J. Panek, J .Amer. Chem. 
Soc., 1971, 93, 5839. 
55. N.Kornblum, M.M. Kestner, S.D. Boyd, and L.C. Cattran, 
J .Amer.Chem.Soc .. 1973, 95, 3356. 
56. N. Kornblum, S.D. Boyd, H.W. Pinnick, andR.G. Smith, 
J .Amer.Chem.Soc., 1971, 93, 4316. 
57. N. Ono, H. Eto, R .. Tamura, J. Hayami, A. Kaji, Chem.Letters, 
1976, 757. 
58. J.J. ZeilstraandJ.B.F.N. Engberts, Rec.Trav.Chim. Pays-
Bas, 1973",92, 954. 
59. N. Kornblum, S.D. Boyd, andF.W. Stuchal, J.Amer.Chem. 
Soc., 1970, 92, 5783. 
- 140-
60. N. Kornblum and S.D. Boyd, J.Amer.Chem.Soc., 1970, 92, 5784. 
61. N. Ono, R. Tamura, J. Hayami, A. Kaji, Tetrahedron Letters 
1978, 763. 
62. L.H. Piette, P. Ludwig, and R.N. Adams, J.Amer.Chem.Soc., 
1962, 84, 4212. 
63. J .L. Gerlock and E.G. Jansen, J .Amer.Chem.Soc., 1968, 90, 
1652. 
64. G.A. Russell and J . Lokensgard, J .Amer.Chem.Soc., 1967, 89, 
. -
5059. 
65. N .H. Anderson, M.McMillan, and R.O.C. Norman, J .Chem.Soc. 
(B), 1970, 1075. 
66. R.J. Edge, R.O.C. Norman, and P.M. Storey, J .Chem.Soc. 
(B), 1970, 1096. 
67. L. Zeldin and H. Schechter, J.Arner.Chem.Soc., 1957, 79, 4708. 
68. L.C. Lappas, C.A. Hirsch, and C.L. Windy, J.Pharm.Sci., 
.,' 1976, 65, 1301. 
69. N. KharaschandJ.L. Cameron, J.Amer.Chem.Soc., 1951, 73, 
3864. 
70. W. R. Bowman and R. J. Stretton, Antimicrobial Agents and Che-
motherapy 1972, 2, 504. 
71. N.G. Clark, B. Croshaw, B.E. Leggetter, and D.F. Spooner, 
J'.Med.Chem., 1974, 17, 977. 
72. R.J. StrettonandT.W. Manson, J.App1.Bact., 1972, ~, 61. 
73. D. Peach, in The Chemistry of the Thiol GrouJ;>, Ed. S. Patai, 
Wiley, London, 1974. 
74. G. Capozzi'and G. Modena, in The Chemistry of the Thiol Group, 
Ed. S. Patai, Wiley, London, 1974. 
75. D.M .• Graham, R.L. Melville, R.H. Pallen, and C. Swertz, 
Can.J .Chem. 1964, 42, 2250. 
76. Taken from Chapter 8, The Chemistry of the Thiol Group, Ed. 
S. Patai, Wiley, London, 1974. 
77. A.J. Parker, Quart.Revs., 1962, 16, 163. 
78. R.A. Abramovitch, M.M. Rogic, S.S. Singer, and N. Venkate-
swaran, J .Org.Chem. 1972, 37, 3577. 
- 141 -
79. P.A. Smith, Chemistry.of Open Chain Organic Nitrogen Com-
pounds, Vo1.2; W.A. Benjaminlnc., New York 1966. 
80. G.A. Russell, J .Amer.Chem.Soc" 1954, ?j;, 1595. 
81. K. U. Ingold, in Free Radicals, Ed. J. Kochi, Chapter 2, Wiley, 
New York, 1973. 
82. T.J. Wallace, J .M. Miller, H. Probner, and A. Schriesheim, 
Proc.Chem.Soc. 1962, 384. 
8.3. D.E. Bartak and M.D. Hawley, J. Electroana1.Cliem., 1978, ;U, 
18. 
84. J. Armand, Bull.Soc.ChiITl.Fr., 1965, 3246. 
85. J. Armand, Bul1.Soc.ChiITl.Fr., ~966, 543. 
86. T.J. Wallace, J .Amer.Chem.Soc., 1964, 86, 2018. 
87. M.Z •. HoffmannandE. Hayon, J.Phys.Chem., 1973, 77, 990; 
88. T.A.B.M. Bo1sman, J.W. Verhoeven, and Th.J. de Boer, Tet-
rahedron, 1975, 31, 1015. 
89. E. Klihle, in The Chemistry of the.Su1phenyl Halides, Georg 
Thieme, Stuttgart 1973. 
90. S.J. Cristo1, G.D. Brindell, andJ.A. Reider, J.Amer.Chem. 
Soc., 1958, 80, 635. 
91. A.A. Oswilld and T.J. Wallace, in The Chemist'ry of Organic Su1-
fur Compounds, Vo1. 2, Ed. N. Kharasch and. C. Y. Meyers, Per-
gamon, London 1966. 
92. E. F1esia, M.P. Croset, andJ.-M. Surzur, Tetrahedron 1978, 
1699. 
93. Z. V. Todres, Russ. Chem. Revs., 1978, 22. 
94. H. Emde, Ger. Pat. 804, 572 (1951) Chem.Abstr. 1952, 529. 
95. S.Oae, D. Fukushima, and Y. Kim, J.Chem.Soc.CheITl.CoInm. 
1977,407. 
96. A.K. Hoffmann, W.C. Hodgson, D.L. Maricle, and W.H. Jura, 
J .Amer.Chem.Soc., 1964, 84, 631. 
97. W.R. Bowman and G.D. Richardson, Tetrahedron Letters, 1978, 
4519. 
98. N. Kornblum, L. Cheng, R.C. Kerber, M.M. Kestner, B.N .. 
Newton, H.W. Pinnick, R.G. Smith, andP.A. Wade', J.Org. 
- 142 -
, . 
Chem., 1976, 41, 1560. 
99. T .A.B.M. Bo1sman and Th.J. de Boer, Tetrahedron, 1975, 31, 
1019. 
100. J.F. Bunnett, Acc.Chem.Res. 1978, 11,413. 
101. S.A. Sheve1ev, A. V. Sultanov, V.1. Erashko; and A.A. Fainzil' 
berg, Proc.Ac;ad.Sci .. USSR, 1977, 334. 
102. G. Capozzi and G. Modena, in The Chemistry of the Thio1 Group, 
Pt.2 (Ed. S. Patai) Chap. 17, Wiley, Lond,on, 1974. 
103. B.M. Trost, T.N. Sa1zmann, andK. Hiroi, J.Amer.Chem.Soc., 
1976, 98, 4887. 
104. a) A.J. Parker and N.Kharasch, ·Chem.Rev., 1959, 59, 583. 
b) J .L. Kice, Accounts Chem.Res., 1968, b 58. 
c) J .L. Kice, Progress in Inorg.Chem. 1973, 17, 147. 
105. A.J. Parker and N. Kharasch, J .Amer.Chem.Soc., 1960, 82, 
3071. 
106. E. N. Guryanova, Quart. Rep. Sulphur Chem. 1970, 113. 
107. A. Sch'cinberg, A. Stephenson, H. Kaltschmitt, E. Petterson, 
an4 H. Schu1ten, Chem. Ber., 1933, 66, 237. 
108. A.W.P. Jarvis andD. Ske1ton, J.Organomet.Chem., 1971,30, 
145. 
109. R.A. E11ison, J .Org.Chem., 1972, 37, 2757. 
110. T. Fujisawa, K. Hata, and T. Kojima, Chem.Letters, 1973, 287. 
111. D.C. Ows1ey and G.K. He1mkamp, J .Amer.Chem.Soc., 1967, 
89, 4558. 
112. E. Cuiffarin and A. Fava, in Progress in Physical Organic; Che-
mistry, Vo1. 6; A. Streitweiser and R. W. Taft, Ec.s., Interscience, 
New York, 1968 • 
. 113. R.G. PearsonandJ. Songstad, J.Amer.Chem.Soc., 1967, §.9, 
1827. 
114. V.r. Erashko, A. V. Sultanov, and S .A. Sheve1ev, Proc .Acad. 
Sci. USSR, 1975, 1560. 
115. M.B. Sparke, J.L. Cameron, andN. Kharasch, J.Amer.Chem. 
Soc., 1953, 75, 4907. 
116, M. T. Bogert and A. Stu11 in Organic Syntheses, Co11. Vo1.1, 
- 143 -
p. 220, Wiley, New York. 
117. S.M. Kupchan, T.J. Giacobbe, I.S. Krull, A.M. Thomas, M.A. 
Eakin, and D.C. Fess1er, J .Org.Chem'., 1,970, 33, 3539. 
118. Chemical Rubber Company Handbook of Chemistry and Physics, 
Ed. R.C. WeastOhio, 1973. 
119. R. B. Kap1an and H. Schechter, J .Amer. Chem. Soc. 1961, 83, 
'3535. 
120. N. Kor!;lb1um and R.J. Cutter, J .Amer.Chem.Soc., 1954, 76, 
H94. 
121. E.B. Starkey in Organic Syntheses, Coll. Vo1.2, p. 225, Wiley, 
New York. 
122. A.!. Voge1, in A Textbook of Practical Organic Chemistry, 
Longmans, London, 1957. 
123. N. KharaschandA.J. Parker, J.Org.Chem .. 1959, 24, 1029. 
124. Litthauer, Chem. Ber .. 1889, E, 2144. 
125. E.L. Gustus, J .Org.Chem., 1967, 32, 3425. 
- 144 -
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
